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- RESUME -
Les problemes respiratoires et de la deglutition constituent des problemes 
frequemment rencontres en periode neonatale et perturbent la qualite de vie de 
millions de patients adultes. Malgre ces constatations cliniques, I'interaction entre 
ces deux fonctions demeure encore peu connue et ceci est particulierement vrai 
pour les deglutitions non-nutritives (DNN), qui assurent le role fondamental de 
clairance des secretions salivaires oro-pharyngees et gastro-pharyngees. En 
effet, les interactions entre DNN et respiration sont cruciales chez le nouveau-ne 
afin d'empecher les aspirations tracheales et la prolongation des apnees. Par 
consequent, plusieurs facteurs, tels que la ventilation nasale, le developpement 
pre- et postnatal ainsi que la posture, peuvent avoir un effet sur ces interactions 
et engendrer des consequences desastreuses. Ainsi, les objectifs de ce doctorat 
etaient: 1) d'identifier le(s) mecanisme(s) reflexe(s) a I'origine de I'inhibition des 
DNN suite a I'application d'une pression positive continue (CPAP) par masque 
nasal durant le sommeil calme (SC) chez I'agneau nouveau-ne, 2) de 
caracteriser la coordination DNN - respiration chez I'ovin adulte, 3) de determiner 
I'effet de la posture et du genre sur la coordination DNN - respiration chez 
I'adulte humain. 
Pour realiser ces trois etudes, nous avons etudie 1) L'implication des 
recepteurs des voies aeriennes superieures et inferieures dans I'effet inhibiteur 
de la CPAP sur les DNN, grace a deux modeles animaux distincts soit: 6 
agneaux ayant subi une separation chronique entre les voies aeriennes 
superieures (VAS) et inferieures (VAI) et 6 autres ayant subi une vagotomie 
bilaterale differee par video-thoracoscopie ; 2) La frequence et la coordination 
des DNN avec la respiration en fonction des stades de conscience chez 6 brebis 
adultes ; 3) La coordination DNN - respiration chez 12 participants (6 hommes et 
6 femmes) adultes en fonction de trois postures experimentales (assise vs. 
couchee vs. a 4 partes) et interpretee par deux types d'analyse. 
Les resultats de ces trois etudes ont montre que : 1) L'effet inhibiteur de la 
CPAP sur les DNN durant le SC est medie par les recepteurs VAI dans toutes 
les conditions experimentales, tandis que les recepteurs des VAS n'y sont 
impliques que dans une seule ; 2) La coordination DNN - respiration de la brebis 
adulte est similaire a celle des agneaux nouveau-nes prematures et nes a terme 
avec une frequence des DNN plus elevee en sommeil REM qu'a I'eveil et qu'en 
sommeil non-REM, et avec une predominance des DNN survenant au cours de 
I'inspiration ; 3) Les DNN surviennent plus precocement a I'interieur du cycle 
respiratoire chez les hommes que chez les femmes et la posture n'a aucun effet 
sur la coordination DNN - respiration. 
En conclusion, les resultats de ces trois etudes ont mis en evidence que : 
1) Aussi bien les recepteurs des VAI que des VAS participent a l'effet inhibiteur 
de la CPAP sur les DNN, avec un effet plus coherent des recepteurs des VAI 
dans tous les modeles experimentaux ; 2) La coordination DNN - respiration ne 
subit aucune maturation au cours du developpement postnatal chez I'ovin ; 3) 
Seulement le genre et non la posture influence la coordination DNN - respiration 
chez I'adulte humain. 
CHAPITRE I - INTRODUCTION -
Phvsioloqie des deglutitions 
Une deglutition est une sequence sensorimotrice tres complexe 
necessitant a la fois une coordination de la contraction et de la relaxation de la 
musculature localisee autour de la bouche, la langue, le larynx, le pharynx et 
I'cesophage. Elle correspond ainsi a I'ensemble des mecanismes permettant le 
transport des aliments et de la salive de la cavite buccale a I'estomac et est 
consideree comme etant le reflexe majeur de protection des voies respiratoires 
inferieures contre I'aspiration de matieres ingerees, regurgitees ou normalement 
secretees (Altschuler, 2001). 
II existe deux types de deglutitions, qui se differencient 
principalement par leur role physiologique distinct. Ainsi, il est primordial de 
distinguer la deglutition nutritive de la deglutition non-nutritive (DNN). D'une part, 
la deglutition nutritive s'effectue au cours des periodes d'alimentation et sert 
principalement a la propulsion du bol alimentaire vers I'estomac. D'autre part, la 
deglutition non-nutritive, qui s'effectue en dehors des periodes d'alimentation, 
sert principalement a la clairance des secretions salivaires oro-pharyngees et 
des reflux gastro-pharynges. Bien que les deglutitions nutritives aient regu une 
grande attention, les DNN sont d'une importance cruciale pour la clairance des 
quantites importantes de secretions presentes au niveau des voies aeriennes 
superieures, estimes a plus de 2 litres par jour chez un adulte (Thach, 2005). 
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Ainsi, la presente these ne s'interessera qu'aux DNN du nouveau-ne jusqu'a 
I'age adulte. 
Deroulement des deglutitions non-nutritives 
Le deroulement d'une DNN est subdivise en trois phases: 1) orale; 2) 
pharyngee; 3) oesophagienne (Tableau 1) (Jean, 2001). 
La phase orale, dite partiellement volontaire, est la phase de propulsion du 
bol vers le pharynx ou la langue joue un role predominant. Cette phase assure 
done la propulsion du bol de I'avant vers I'arriere a travers la cavite buccale et 
declenche le reflexe de deglutition pharyngien. En bref, elle est caracterisee par 
une elevation de la langue avec mouvement de va et vient vers I'arriere 
principalement du a Taction des muscles styloglosses. Le bol est alors propulse 
dans le pharynx et declenche le reflexe de deglutition. 
La phase pharyngee, sous controle involontaire, est caracterisee 
par trois evenements coordonnes, qui assurent la propulsion du bol vers 
I'cesophage et ferment tous les orifices ou le bol ne doit pas penetrer: 1) 
occlusion du sphincter velopharynge; 2) occlusion du sphincter larynge; 3) 
propulsion du bol a travers le pharynx. Dans un premier temps, I'occlusion du 
sphincter velopharynge, assuree par I'elevation du palais mou, permet d'isoler 
I'oropharynx et le rhinopharynx et eviter un reflux nasal des aliments. 
Simultanement, le larynx est activement ferme par la contraction des muscles 
suprahyo'idiens (mylohyoidien et geniohyo'idien) et thyrohyo'idien, tirant I'os 
hyo'ide et le larynx vers le haut et I'avant, sous la base de la langue, tandis que 
I'epiglotte bascule et que la musculature interne du larynx se contracte et 
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assurent I'occlusion du sphincter larynge. Finalement, la progression du bol dans 
le pharynx est realisee grace a une vague de peristaltisme qui se propage de 
I'oropharynx a I'hypopharynx, suite a la contraction des muscles constricteurs du 
pharynx (constricteur superieur, moyen et inferieur). 
La phase oesophagienne, entierement sous I'influence du systeme 
nerveux autonome, fait intervenir deux mecanismes qui se succedent dans le 
temps, soit la relaxation puis Pouverture du sphincter superieur de I'cesophage. 
L'inhibition du tonus vagal, exerce sur le muscle cricopharyngien, permet la 
relaxation du sphincter, tandis que I'elevation du larynx participe a son ouverture. 
Cette phase se poursuit ensuite par des contractions peristaltiques du muscle 
oesophagien menant au passage du bol dans I'estomac a travers le sphincter 
inferieur de I'cesophage (cardia). 
Tableau 1 : Caracteristiques du deroulement d'une deglutition non-nutritive 
Phases Structures Activites Duree 
(sees) 
ORALE 
Langue Bol est deplace vers la partie > 1 s 
posterieure et declenche le reflexe 
de deglutition pharyngien 
PHARYNGEE 
OESOPHAGIENNE 
Voile du palais mou 
£piglotte 
Larynx 
Constricteurs pharyngiens 
Sphincters superieur et 
inferieur de I'cesophage 
CEsophage 
Elevation du voile 
Fermeture epiglottique 
Fermeture et elevation du larynx 
Peristaltisme pharyngien 
Relaxation et ouverture du 
sphincter superieur de I'cesophage 
Mouvements peristaltiques 
Ouverture sphincter inferieur de 
I'cesophage 
0.5 a 0.7 s 
* 2 s 
liquides 
7 a 9 s 
solides 
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Neurophysiologie du controle des deglutitions non-nutritives 
Les differentes sequences motrices composant I'acte de deglutition 
s'enchainent de facon extremement precise et ceci grace a un mecanisme 
nerveux commandant et controlant la deglutition. Ainsi, le centre deglutiteur 
(CPG = «central pattern generator))), localise dans le bulbe rachidien du tronc 
cerebral, n'est constitue que de neurones associes a la deglutition. Ce centre 
declenche et controle la sequence motrice en fonction des informations qu'il 
recoit de la peripherie (recepteurs sensoriels) et/ou du cortex cerebral, en 
elaborant un programme des differents evenements moteurs composant la 
deglutition. 
Voies afferentes 
Les recepteurs sensoriels, ainsi que leurs roles specifiques dans I'initiation 
d'une deglutition ne sont pas encore parfaitement connus. Ces recepteurs et 
stimuli semblent etre differents suivant les regions anatomiques (cavite orale, 
pharynx, larynx). L'eau semble etre le stimulus le plus efficace au niveau du 
vestibule larynge et de la region glottique. En revanche, les stimuli mecaniques 
semblent etre les plus efficaces au niveau de I'oropharynx. Ainsi, la majorite des 
recepteurs sensitifs impliques dans le declenchement d'une deglutition 
pharyngee semble etre des terminaisons libres superficielles, fonctionnant 
comme des recepteurs a adaptation lente et sensibles a des pressions legeres. 
En contraste, les thermorecepteurs et chemorecepteurs sont capables de 
moduler le declenchement d'une deglutition, mais leur role specifique n'est pas 
tres bien connu (Plant, 1998). 
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Les afferences sensorielles de ce reflexe sont acheminees via les nerfs 
craniens V (nerf trijumeau), IX (glosso-pharyngien) et X (nerf larynge superieur, 
surtout sa branche sensitive laryngee, le nerf larynge superieur) vers le centre 
deglutiteur. 
Centre de la deglutition 
L'organisation fonctionnelle du centre deglutiteur est repartie en trois 
etages : 1) etage afferent ou sensitif; 2) etage organisateur; 3) etage efferent ou 
moteur(Caretal., 1998; Jeanetal., 2001; Ertekin et al., 2003) (Figure 1). 
L'etage afferent est implique dans I'initiation et la facilitation du reflexe de 
deglutition. II est compose de fibres nerveuses afferentes (V, IX, X) qui 
convergent et se terminent dans le noyau du faisceau solitaire (NFS). 
L'etage organisateur est constitue d'un reseau d'interneurones assurant la 
programmation de I'acte de deglutition et la distribution successive de I'excitation 
aux divers groupes de motoneurones concernes. Ces intemeurones sont 
regroupes en deux amas : un amas dorsal situe dans le NFS et la substance 
reticulee sous-jacente, et un amas ventral situe autour du noyau ambigu (NA). 
Les intemeurones de I'amas dorsal recoivent les afferences en provenance de la 
peripherie (voies aeriennes superieures) et/ou des structures suprabulbaires, 
dont le cortex cerebral, lis sont impliques dans I'elaboration du programme de 
deglutition et dans le declenchement de I'acte. Les intemeurones de I'amas 
ventral, actives par I'amas dorsal, distribuent le programme de deglutition aux 
differents groupes de motoneurones. 
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Finalement, I'etage efferent contient les corps cellulaires des 
motoneurones mis en jeu au cours de la deglutition. Ces motoneurones assurent 
('innervation motrice des muscles (~ 31 paires de muscles) impliques dans une 
deglutition. Les efferences sont acheminees vers les muscles via les nerfs 
craniens V, VII (nerf facial), IX, X et XII (nerf grand hypoglosse) ainsi que les 
nerfs cervicaux C1-C3. 
Figure 1 : Organisation neuronale du centre deglutiteur (Jean et al., 2001) 
Diagramme du CPG de la deglutition. Ce CPG est constitue de deux groupes de 
neurones, localises dans le bulbe rachidien du tronc cerebral: le groupe dorsal 
de la deglutition (DSG) situe dans le noyau du tractus solitaire (NTS) et la 
substance reticulee sous-jacente et le groupe ventral de la deglutition (VSG) 
localise dans la region ventrolateral (VLM) adjacent au noyau ambigu (NA). Le 
DSG recoit les afferences en provenance de la peripheric (peripheral afferents) 
et/ou du cortex cerebral (supramedullary inputs) et est responsable de 
I'elaboration du programme de deglutition et du declenchement de I'acte. Le 
VSG, active par le DSG, distribue le programme de deglutition aux differents 
groupes de motoneurones via les nerfs craniens V, VII, IX, X et XII ainsi que les 
nerfs cervicaux C1-C3. 
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Voies efferentes 
La notion de programme central de la deglutition implique que les 
differentes sequences motrices se succedent toujours dans le meme ordre une 
fois qu'elles ont ete initiees. Ainsi, la deglutition est le phenomene le plus 
complexe du style tout ou rien. Ce reflexe est done caracterise par une sequence 
motrice stereotypee impliquant la contraction de plus de 31 paires de muscles, 
incluant les muscles de la machoire et muscles perioraux, les muscles sous-
mandibulaires / suprahyo'idiens, les muscles de la langue, les muscles 
pharynges et larynges, ainsi que le muscle crico-pharyngien du sphincter 
superieurde I'cesophage (Jean, 2001; Miller, 1982) (Figure 2). 
Figure 2 : Sequence motrice stereotypee d'une deglutition (Jean, 2001) 
mylohyoid 
geniohyoid 
patatophiwyngeu 
posterior tongue 
superior constrictor 
thyrohyoid 
thyroarytenoid^ 
middle constrictpr 
superior esophageal 
sphincter 
cervical esophagus 
cervical esophagus 
thoracic esophagus 
thoracic esophagus 
lower esophageal 
sphincter 
500ms 
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Coordination deglutitions non-nutritives et respiration 
Localisation anatomique des neurones respiratoires 
Le controle de la respiration depend d'un reseat] neuronal complexe dont 
les centres integrateurs; c'est-a-dire le «central pattern generator = CPG», sont 
situes dans le tronc cerebral (reseau respiratoire ponto-medulaire). La grande 
proportion des neurones respiratoires bulbospinales est retrouve au niveau du 
groupe respiratoire ventral (GRV), situe au niveau ventrolateral du bulbe 
rachidien, a proximite du noyau ambigu. Ce GRV contient a la fois des neurones 
bulbo-spinaux inspiratoires (portion rostrale du GRV) et expiratoires (portion 
caudale du GRV), ainsi que deux entites fonctionnelles; le complexe de 
Botzinger et de pre-B6tzinger. Le complexe de Botzinger contient principalement 
des neurones a activite expiratoire (Ezure, 1990; Jiang et al., 1990; Tian et al., 
1999), alors que le complexe de pre-B6tzinger contient un reseau neuronal 
classiquement responsable de la genese de I'activite inspiratoire (Feldman et al., 
2006; Smith et al., 1991; Smith et al., 2000). 
En fait, malgre de nombreuses etudes recentes sur le controle central de 
la respiration, il n'existe encore aucun consensus sur les reseaux respiratoires 
generant le rythme respiratoire (voir Figure 3). Ainsi, en plus du complexe de 
pre-B6tzinger, les amas de neurones pontiques connus sous les noms de 
Kolliker-Fuse (KF) et complexe parabrachial (PB), ainsi que le noyau 
retrotrapezoide (RTN) chemosensible, sont trois regions qui semblent jouer un 
role important dans la generation et le controle du rythme respiratoire (Rybak et 
al., 2007). Quant au noyau parafacial, son activite pre-inspiratoire tres importante 
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dans la rythmogenese respiratoire rapportee dans les preparations de tronc 
cerebral isole de rat nouveau-ne n'est pas retrouvee chez le rat anesthesie a 
I'age adulte (Fortuna et al., 2008). Ainsi, I'implication de ce noyau parafacial est 
discutee. Generateur de rythme expiratoire pour certains, precurseur neonatal du 
RTN pour d'autres, le groupe de Guyenet propose meme qu'il s'agit d'un simple 
groupe heterogene de neurones sans activite rythmogenique independante 
pouvant acquerir une activite pre-inspiratoire dans certaines circonstances 
experimentales. 
Ainsi, la region ventrale du bulbe rachidien contient a la fois des neurones 
responsables de la programmation des deglutitions et de la rhythmogenese 
respiratoire. II est done extremement important que les CPG associes a la 
respiration et aux deglutitions soient parfaitement coordonnes afin d'assurer une 
clairance efficace de la salive, des secretions d'origine respiratoires (nasales et 
tracheo-bronchiques) et des reflux d'origine gastriques (reflux 
laryngopharynges). Ainsi, lorsqu'un ordre de deglutition part du centre de 
deglutition bulbaire vers les differents muscles effecteurs, des influx inhibiteurs 
partent simultanement vers les centres respiratoires pour inhiber la commande 
inspiratoire centrale (Jean, 2001). Les deglutitions sont par consequents 
systematiquement associees a une courte pause respiratoire quels que soient 
I'espece et I'age, incluant chez I'homme et les nouveau-nes (Hiss et al., 2003; 
Kelly et al., 2006; McFarland et al., 1993; Stevenson et al., 1991). 
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Figure 3 : Organisation neuronale du centre respirateur (Rybak et al., 2007) 
rostral ^ 
Ponto-medutlary 
junction 
- } ^ cauda! 
Transections 
(1) (2) (3) 
/ r V R G cVRG 
cVRG 
! pre-BotC-VRG 
preparation 
BotC-VRG 
preparation 
Medullary preparations 
ntact (ponto-medu)Iary) preparation 
Coupe (A) et vue (B) parasagittale du reseau respiratoire ponto-medulaire d'un tronc 
cerebral de rongeur adulte. 
Abreviations : 5 - noyau du trigumeau; 7 - noyau facial; 7n - nerf facial; BotC -
complexe de Botzinger; cVRG - groupe respiratoire ventral caudal; KF - noyau Kolliker-
Fuse; LPB - noyau parabrachial lateral; LRt - noyau reticulaire lateral; MPB - noyau 
parabrachial median; NA - noyau ambigu; PB - noyau parabrachial; Pn - noyau 
pontique; pre- BotC - complexe pre-Bbtzinger; RTN - noyau retrotrapezoide; rVRG -
groupe respiratoire ventral rostral; scp - pedoncule cerebelleux superieur; SO - Olive 
superieur 
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Les pauses respiratoires accommodant les DNN peuvent done etre 
classees en fonction de leur survenue a I'interieur du cycle respiratoire. Dans la 
litterature, il existe deux classifications complementaires, couramment utilisees, 
qui caracterisent la coordination des deglutitions avec la respiration. La premiere 
est une classification descriptive (classification par type) qui evalue la portion du 
cycle respiratoire precedant et suivant immediatement la pause respiratoire 
accommodant la DNN (Figure 4) (Reix et al., 2003). La seconde quantifie la 
phase respiratoire (calcul de phase) perturbee par la deglutition en fonction de la 
duree de I'inspiration et I'expiration du cycle respiratoire controle precedent 
(Figure 5) (Charbonneau et al., 2005). 
Brievement, la classification descriptive propose 4 types de DNN selon la 
portion du cycle respiratoire qui precede et suit la pause respiratoire 
accommodant la DNN (Reix et al., 2003) :les types //' et ee, lorsque la pause 
respiratoire accommodant la DNN est respectivement precedee et suivie par une 
inspiration ou une expiration, et les types ie et ei, qui surviennent aux phases 
transitionnelles du cycle respiratoire, en fin d'inspiration (ie) ou en fin d'expiration 
(ei) (Figure 4). 
Brievement, la deuxieme classification quantifie la perturbation du cycle 
respiratoire induite par une deglutition, en exprimant Ie temps initial d'apparition 
de la deglutition, a I'interieur de son cycle respiratoire respectif, en pourcentage 
de la duree du cycle respiratoire controle precedent. Par convention, les 
deglutitions survenant durant une prolongation du cycle au-dela de la duree du 
cycle controle sont classees dans I'intervalle 100% et plus. Consequemment, la 
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duree du cycle respiratoire est subdivisee en deciles, variant entre 0% et 100%, 
0% etant le debut de la phase inspiratoire du cycle respiratoire controle et 100% 
incluant les valeurs au-dela de la fin de I'expiration du cycle controle 
(Charbonneau et al., 2005) (Figure 5). 
Figure 4 : Classification descriptive des deglutitions (Reix et al., 2003) 
Di •* * *fl ..no * i 4 •* « * <•* >. ~r 
A A A A A A A S / V W A A A [7WVA/W [Y/W^A/V\ 
W-E/WMM 
Flux 
Volume 
Debit ' 
-si type-
+ 
Di 'i * f w* H * if if 4 > < « ^ ^ 
fDi -A 
Flux 
Debit 
Les pauses respiratoires accommodant les deglutitions sont classees en fonction du 
cycle respiratoire qui les precede et suit. Les deglutitions de types //' et ee, sont 
respectivement precedees et suivies d'une inspiration ou d'une expiration, tandis que les 
deglutitions de type ie et ei, surviennent aux phases de transition du cycle respiratoire. 
Abreviations : TA, signal electromyographique (EMG) brut du muscle thyroaryteno'i'dien; 
JTA, signal EMG integre du muscle thyroaryteno'i'dien; Di, signal EMG brut du muscle 
diaphragmatique; |Di, signal EMG integre du muscle diaphragmatique; Flux, flux nasal 
(inspiration vers le haut); Volume, variations des volumes thoracique et abdominal; 
Debit, debit respiratoire (inspiration en debit positif). 
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Figure 5 : Classification quantitative des deglutitions (Charbonneau et al., 2005) 
DEVIATION 
1 S SWALLOW 
Illustration de la procedure utilisee pour identifier la perturbation du cycle respiratoire 
induite par la deglutition (swallow). Le cycle respiratoire controle (trace en pointille) est 
superpose sur le cycle respiratoire contenant la deglutition (trace en continu), afin de 
determiner le temps de la perturbation du cycle respiratoire ou phase (ligne verticale 
pointillee). Cette perturbation exprime le temps initial d'apparition de la deglutition a 
i'interieur du cycle respiratoire respectif (tDR) comme un pourcentage de la duree du 
cycle respiratoire controle precedent (tCR). 
Programme de recherche doctoral 
De nombreuses etudes se sont attardees a la caracterisation de 
I'immaturite de la deglutition nutritive chez le nouveau-ne et a sa maturation 
postnatale (Mathew, 2003). Cependant, tres peu d'etudes se sont interessees, 
malgre leur grande importance, aux DNN responsables de la clairance de la 
salive, des secretions d'origine respiratoire (nasales et tracheo-bronchiques) et 
de liquide reflue de I'estomac. Cette fonction de clairance est particulierement 
importante chez le nouveau-ne, qui est expose au fardeau supplementaire des 
reflux gastro-pharynges frequents a cet age (Jeffery et al., 2000). 
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Le laboratoire de recherche a I'interieur duquel j'ai effectue mes etudes 
doctorales a un interet important dans les apnees des nouveau-nes et 
parallelement dans les interactions entre DNN et respiration en periode 
neonatale. Dans ce laboratoire, ces interactions ont ete initialement 
caracterisees chez I'agneau nouveau-ne premature et a terme en fonction des 
stades de conscience (Reix et al., 2003; Reix et al., 2004). Ensuite, lors de mes 
etudes de mattrise, j'ai caracterise les effets de I'application d'une ventilation 
nasale sur les DNN et leur coordination avec la respiration. Les resultats de cette 
demiere etude ont revele que I'administration d'une CPAP nasale inhibe les DNN 
durant le SC chez I'agneau nouveau-ne (Samson et al., 2005). De ce fait, la 
premiere voie d'investigation de mes etudes doctorales etait d'identifier le(s) 
mecanisme(s) responsable(s) de I'effet inhibiteur de la CPAP sur les DNN en 
periode neonatale (Samson et al., 2008). Une suite interessante a ce projet est 
actuellement en cours en neonatologie avec le Dr Celine Catelin, et permettra 
ainsi d'identifier si les nouveau-nes sous CPAP s'alimentent correctement. Par 
ailleurs, les resultats de ces trois etudes ont revele que la coordination DNN -
respiration des agneaux nouveau-nes etait divergente de celle ayant ete 
caracterisee a I'eveil chez I'adulte humain (Preiksaitis et al., 1992), mais similaire 
a celle de la chevre adulte (Feroah et al., 2002). Ainsi, la seconde voie 
d'investigation de mes etudes doctorales etait la validation de notre modele ovin 
pour I'etude des DNN, en comparaison avec I'humain. Les etudes de cette 
seconde voie ont done debute par la caracterisation de la coordination DNN -
respiration chez I'ovin adulte, pour tester I'hypothese que la maturation 
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postnatale, jusqu'a I'age adulte, n'est pas responsable d'une modification de la 
coordination DNN - respiration. Les resultats de cette etude ont revele que la 
coordination DNN - respiration de la brebis adulte a I'eveil et au cours du 
sommeil est similaire a celle des agneaux nouveau-nes prematures et nes a 
terme (Roberge et al., 2007), confirmant notre hypothese de depart. Afin de 
tenter d'expliquer les differences de coordination observees entre I'humain et 
I'ovin (et la chevre), nous avons alors fait I'hypothese que la posture corporelle 
(bipede vs. quadrupede) serait responsable des differences inter-especes. Le 
troisieme projet que j'ai realise lors de mes etudes doctorales nous a done 
permis de verifier I'effet de la posture corporelle et du genre sur la coordination 
DNN - respiration chez de jeunes adultes en sante. 
A des fins de clarte et de comprehension didactique, je vais presenter et 
discuter des trois projets doctoraux individuellement: 
1) Mecanisme(s) responsable(s) de I'inhibition des DNN suite a 
I'application d'une pression positive continue nasale en sommeil calme 
chez I'agneau nouveau-ne 
2) Coordination DNN - respiration chez I'ovin adulte en fonction des 
stades de conscience 
3) Effet de la posture et du genre sur la coordination DNN - respiration 
chez de jeunes adultes en sante 
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MECANISME(S) RESPONSABLE(S) DE L'INHIBITION DES DNN SUITE A U'APPLICATION 
D'UNE PRESSION POSITIVE CONTINUE NASALE EN SOMMEIL CALME CHEZ L'AGNEAU 
NOUVEAU-NE 
Support ventilatoire nasal 
L'administration nasale d'une pression positive est une technique de 
support ventilatoire non-invasive, qui ne necessite pas d'intubation 
endotracheale. L'administration s'effectue done via une canule (simple ou 
double) ou un masque nasale. Ce support ventilatoire est de plus en plus 
favorise et utilise en periode neonatale, puisqu'il permet d'eviter les nombreuses 
complications reliees a I'intubation endotracheale et apporte ainsi de nombreux 
benefices cliniques. En effet, I'utilisation prolongee d'une ventilation mecanique 
via un tube endotracheal, peut engendrer de nombreuses complications telles 
que les traumatismes larynges (ex. : luxation aryteno'idienne), une stenose sous-
glottique, une infection des voies respiratoires sous-glottiques, une hemorragie 
d'origine tracheale et des alterations de la fonction muco-ciliaire tracheo-
bronchique (Divatia et al, 2005). 
Le support ventilatoire par voie nasale est en effet de plus en plus utilise 
en periode neonatale dans le traitement des apnees du premature (Lin et al., 
1998), des syndromes de detresse respiratoire chez les prematures (Polin et al., 
2002; Tooley et al., 2003; Verder et al., 1999) et pour le sevrage de la ventilation 
mecanique endotracheale (De Paoli et al., 2003; Espagne et al., 2002). De plus, 
l'administration d'une pression positive continue nasale (CPAP) associee a 
I'instillation preventive tres precoce de surfactant est utilisee comme traitement 
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primaire de la maladie des membranes hyalines, afin de diminuer I'incidence et 
la gravite de cette maladie (Storme et al., 1999). 
Une ventilation a pression positive nasale peut-etre administree de facon 
intermittente (VPPI) ou continue (CPAP). En periode neonatale, I'administration 
d'une (CPAP) est couramment utilisee. Par definition, le mode CPAP est 
simplement le maintient artificiel d'une pression positive dans les voies 
respiratoires a un niveau supra-atmospherique constant durant tout le cycle 
respiratoire. Le patient genere en totalite les efforts respiratoires necessaires 
pour assurer sa ventilation pulmonaire. Ce support ventilatoire permet de 
maintenir les voies aeriennes superieures ouvertes lorsqu'elles ont tendance a 
se collaber (apnees obstructives), favorise le recrutement des zones 
atelectasiees (Millar et al., 2004) et augmente la compliance pulmonaire, le 
volume de fin d'expiration au-dessus de la capacite residuelle fonctionnelle, la 
pression partielle en oxygene (PA02) alveolaire et la diffusion alveolo-capillaire 
et ultimement la Pa02 arterielle. 
Recepteurs des voies aeriennes superieures et inferieures 
Recepteurs des voies aeriennes superieures 
Suite aux travaux exhaustifs de Sant'Ambrogio et collegues, 
classiquement, cinq types de recepteurs ont ete decrits au niveau des voies 
aeriennes superieures (VAS; voir Tableau 2) (Sant'Ambrogio et al., 1995; 
Tsubone et al., 1991; Widdicombe, 2001). Par contre, la decouverte recente de 
plusieurs recepteurs au niveau de la region laryngee vient compliquer cette 
classification (voir (Reix et al., 2007), resume sur le sujet). 
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Tableau 2 : Caracteristiques des recepteurs des voies aeriennes superieures 
CATEGORIE STIMULUS CARACTERISTIQUES 
Fibres afferentes myelinisees 
Temperature / debit Activite modulee par les variations de temperature 
de I'air inspire et sensibles au L-menthol 
M ECANORECEPTEU RS 
Mouvement 
Fibres afferentes myelinisees 
Localiser en profondeur a proximite des muscles 
larynges 
Sensibles aux mouvements du larynx secondaires 
a la contraction des muscles larynges (actif) ou 
aux mouvements transmis d'etirement de la 
trachee (passif) 
Actions reflexes pas bien etablies, pourraient 
moduler la contraction des muscles larynges 
(Widdicombe, 2001) 
Pression 
Fibres afferentes myelinisees 
Sensibles a la pression negative (80%) et/ou 
positive (20%) (Sant'Ambrogio et al., 1995) 
Responsable des alterations du calibre des VAS 
induit par des changements de pression au niveau 
larynge (Widdicombe, 2001) 
CHEMORECEPTEURS / 
OSMORECEPTEURS 
Irritants 
Variations 
osmolarite 
Fibres afferentes myelinisees 
Responsables principalement des reflexes de 
defense des VAI (toux, deglutition, reflexe 
d'expiration, le chemoreflexe larynge, ect... 
(Sant'Ambrogio et al., 2001) 
TERMINAISONS Irritants 
NERVEUSES FIBRES C Acidite 
Fibres afferentes non-myelinisees 
Particulierement sensibles a la capsaicine 
Responsables des sensations douloureuses 
Actions reflexes incertains, mais pourraient inclure 
les apnees prolongees observees lors d'une 
irritation laryngee (Widdicombe, 2001) 
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Plus recemment, les recepteurs TRPV1 (transient receptor potential cation 
channel subfamily vanilloid member 1), situe sur les terminaisons nerveuses des 
fibres C, ont ete identifies et seraient impliques dans la sensibilite laryngee (voir 
Reixetal., 2007). 
Par ces recepteurs, le larynx peut ainsi assurer son role important de 
protection des voies aeriennes inferieures. Ces afferences laryngees sont done 
acheminees via la branche interne du nerf larynge superieur jusqu'au tronc 
cerebral (NFS) qui les integre et les relaie aux divers centres CPG (respiratoire, 
cardiaque et de deglutiteur). 
Recepteurs bronchopulmonaires 
Classiquement, trois types de recepteurs bronchopulmonaires ont ete 
decrits et incluent les recepteurs a adaptation lente (SAR), recepteurs a 
adaptation rapide ou recepteurs aux irritants (RAR) et les terminaisons 
nerveuses des fibres C (Bailey et al., 2006) (voir Tableau 3). 
Un quatrieme type de recepteurs bronchopulmonaires a ete plus 
recemment identifies; les corps neuroepitheliaux (NEB). Ainsi, le systeme 
neuroendocrinien pulmonaire est constitue de cellules epitheliales endocrines 
specialisees associees a des fibres nerveuses. Les NEB sont un groupe de 
cellules endocrines contenant une grande variete de substances 
neuroendocrines actives. Ce sont des chemorecepteurs sensibles a I'oxygene et 
jouant un role regulateur au niveau de la croissance et du developpement des 
voies aeriennes (Van Lommel et al., 1999). 
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Tableau 3 : Caracteristiques des recepteurs bronchopulmonaires 
CATEGORIE STIMULUS CARACTERISTIQUES 
MECANORECEPTEURS A 
ADAPTATION LENTE 
(SAR) 
MECANORECEPTEURS A 
ADAPTATION RAPIDE 
(RAR) 
Fibres afferentes myelinisees 
Situes a proximite des muscles respiratoires 
A 1'etirement lisses de la trachee et des branches 
Responsables du reflexe de Hering-Breuer 
Mecaniques 
Irritants chimiques 
Fibres afferentes myelinisees 
Situes au niveau de I'epithelium de la 
muqueuse tracheobronchique 
TERMINAISONS 
NERVEUSES FIBRES C Irritants chimiques 
Fibres afferentes non-myelinisees 
Recepteurs nonicepteurs 
Situees au niveau de la muqueuse bronchique 
et sensibles aux irritants 
Juxta-alveolaire au niveau pulmonaire et 
sensibles a la congestion pulmonaire et a 
I'oedeme interstitiel 
Tous les recepteurs bronchopulmonaires acheminent leurs afferences par 
les nerfs vagues jusqu'au NFS, qui sert de relais jusqu'aux centres de controle 
cardiorespiratoires. 
Contexte et objectif de I'etude 
La CPAP nasale a ete utilisee chez le nouveau-ne depuis plusieurs 
annees dans le traitement des syndromes de detresse respiratoire, des apnees 
du prematures et pour le sevrage de la ventilation mecanique endotracheale 
(Ersch et al., 2007; Greenough et al., 2008; Miksch et a!., 2008). Par contre, les 
fonctions laryngees, telles que les DNN, non pas ete specifiquement etudiees 
chez le nouveau-ne sous CPAP nasale, a part d'une etude qui a demontre que la 
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CPAP nasale augmente I'ouverture laryngee (Gaon et al., 1999). Nous avons 
recemment identifie qu'une CPAP nasale de 6 cm H20 inhibe les DNN chez 
I'agneau nouveau-ne, en particulier durant le sommeil calme (SC) (Samson et 
al., 2005). Bien que cet effet inhibiteur de la CPAP avait ete identifie auparavant 
pour les deglutitions induites par un bolus d'eau chez I'adulte eveille (Nishino et 
al., 1985), le(s) mecanisme(s) precis par le(s)quel(s) les deglutitions sont 
inhibees par la CPAP demeure(nt) inconnu(s). Les donnees de la litterature 
suggerent que cet effet inhibiteur est medie par les mecanorecepteurs des VAS 
(Stella et al., 2001) ou par les recepteurs bronchopulmonaires a adaptation lente 
(Kijima et al., 2000; Yamamoto et al., 2002). Ainsi, I'objectif specifique de cette 
premiere etude etait d'identifier le(s) mecanisme(s) responsable(s) de I'inhibition 
des DNN suite a I'application d'une CPAP nasale en SC chez I'agneau nouveau-
ne. En d'autres termes, il s'agissait d'identifier I'implication precise des 
recepteurs des VAS et des recepteurs bronchopulmonaires dans cet effet 
inhibiteur de la CPAP sur les DNN. 
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COORDINATION DNN ETRESPIRATION CHEZ L'OVIN ADULTE EN FONCTION DES STADES DE 
CONSCIENCE 
Maturation des stades de conscience et de la rumination chez I'ovin 
Stades de conscience 
Tout comme le nouveau-ne humain, les stades de conscience subissent 
une maturation postnatale chez I'ovin. En effet, chez I'agneau nouveau-ne 
premature et a terme trois stades de conscience peuvent etre identifies par les 
criteres comportementaux et electrophysiologiques. Par contre, avec ces memes 
criteres, cinq stades ont ete decrits chez I'ovin adulte (Bell, 1972) (Figure 6). Afin 
de faciliter la comparaison des resultats obtenus chez les nouveau-nes avec 
ceux des adultes, certains stades de conscience chez I'adulte sont regroupes et, 
trois stades de conscience sont couramment utilises et reconnus (eveil, sommeil 
non-REM, sommeil REM (rapid eye movement)). 
Rumination 
L'une des caracteristiques physiologiques de notre modele ovin a partir de 
I'age d'un mois environ est la rumination, regurgitation periodique des aliments 
deja avales dans la bouche pour etre a nouveau mastiques. La presence de la 
rumination dans notre modele pourrait modifier la coordination DNN -respiration 
et expliquer des differences entre le nouveau-ne et I'adulte. 
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Figure 6 : Maturation des stades de conscience chez I'ovin 
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Iconographie representant 1'electroencephalogramme (EEG) et I'electro-occulogramme 
(EOG) des divers stades de conscience identifies chez I'agneau nouveau-ne (colonne 
de gauche) et la brebis adulte (colonne de droite). 
Contexte et objectif de I'etude 
La coordination DNN et respiration a ete caracterisee en fonction des 
stades de conscience chez I'agneau nouveau-ne premature et a terme (Reix et 
al., 2003; Reix et al., 2004). Ces etudes ont revele qu'une grande majorite des 
DNN sont precedees et suivies par une inspiration, quel que soit le stade de 
conscience. Par contre, la coordination DNN - respiration de I'agneau nouveau-
ne est tres divergente de celle ayant ete caracterisee chez I'adulte humain 
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(Preiksaitis et al., 1992), mais similaire a celle de la chevre adulte (Feroah et al., 
2002). Une etude recente de la litterature a ainsi suggere que la coordination des 
deglutitions nutritives avec la respiration subit une maturation au cours du 
developpement postnatal chez I'humain (Kelly et al., 2007). Ainsi, I'objectif 
specifique de cette deuxieme etude etait de verifier si la coordination DNN -
respiration subit une maturation similaire a celle identifiee pour les deglutitions 
nutritives chez I'humain, expliquant par consequent les differences de 
coordination observees entre I'agneau nouveau-ne et I'humain adulte. 
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EFFET DE LA POSTURE ET DU GENRE SUR LA COORDINATION DNN - RESPIRATION CHEZ 
LES JEUNES ADULTES EN SANTE 
Contexte et objectifs de I'etude 
La coordination deglutition - respiration a ete bien documents a I'eveil 
chez les mammiferes adultes, incluant l'humain. Par contre, les etudes sur les 
deglutitions non-nutritives sont rares. A la difference des adultes humains, dont 
la majorite des DNN sont precedees et suivies par une expiration (Preiksaitis et 
al., 1992), les DNN chez les chevres et brebis adultes surviennent 
preferentiellement durant I'inspiration (Feroah et al., 2002; Roberge et al., 2007). 
II y a plusieurs explications plausibles pour ces differences entre especes au 
niveau de la coordination DNN - respiration. L'un des facteurs evident, comme 
suggere par McFarland et collegues, fait intervenir les differences de position 
corporelle et/ou de la tete lors de l'alimentation (McFarland et al., 1994). En effet, 
les humains sont des bipedes qui deglutissent en position verticale, tandis que 
les animaux quadrupedes deglutissent a 4 pattes. Afin de tester cette hypothese, 
I'equipe de McFarland et al. a compare la coordination des deglutitions nutritives 
avec la respiration chez des jeunes adultes humains en position assise et a 4 
pattes, lors de l'alimentation de bolus solides. En adoptant la position assisse, 
les deglutitions nutritives survenaient preferentiellement en fin d'expiration. En 
passant de la position assisse a 4 pattes, ce patron de coordination est modifie 
et est ainsi caracterise par des deglutitions nutritives surviennent plus tot durant 
I'expiration (McFarland et al., 1994). Cependant, bien que la coordination 
deglutitions nutritives - respiration soit significativement influencee par la 
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position corporelle, les deglutitions nutritives des sujets a 4 partes sont, pour les 
plupart, initiees durant I'expiration. Les resultats de cette etude suggerent done 
qu'il y a certainement d'autres facteurs specifiques a I'espece animale 
consideree qui influencent cette coordination, dont les differences anatomiques 
au niveau de leurs voies aeriennes superieures ou I'inclinaison de la tete par 
rapport au torse. Au contraire des resultats obtenus avec des bolus solides, la 
coordination deglutitions nutritives de bolus liquides avec la respiration ne 
semble pas etre affectee par la position corporelle (Shaker et al., 1992). A notre 
connaissance, aucune etude n'a investigue I'impact potentiel de la position 
corporelle sur la coordination DNN - respiration. Ainsi, I'objectif principal de cette 
troisieme etude etait d'identifier I'impact potentiel de trois postures 
experimental (Assisse, Couchee et a 4 partes) sur la coordination des DNN 
avec la respiration chez de jeunes adultes sains. Dans un deuxieme temps, nous 
voulions egalement explorer I'impact potentiel du genre sur cette coordination. 
En effet, bien qu'il a ete demontre tres recemment, que le genre a peu ou pas 
d'effets sur le coordination deglutition - respiration chez I'adulte (Hiss et al., 
2001; Martin-Harris et al., 2003; Martin-Harris et al., 2005), des differences 
anatomiques et fonctionnelles au niveau des voies aeriennes existent entre les 
femmes et les hommes et pourraient influencer I'effet de la posture sur la 
coordination deglutition - respiration. 
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CHAPITRE II - RESULT ATS OBTENUS -
Article I 
ORIGINS OF THE INHIBITING EFFECTS OF NASAL CPAP ON NON-NUTRITIVE 
SWALLOWING IN NEWBORN LAMBS 
Samson N, Roy B, Ouimet A, Moreau-Bussiere F, Dorion D, Mayer S, Praud JP. 
J Appl Physiol 105 : 1083-90, 2008. 
Resume 
II a ete demontre que I'application d'une CPAP nasale inhibe le reflexe de 
deglutition chez I'adulte humain (Nishino T et al, 1989) et chez I'agneau 
nouveau-ne durant le sommeil calme (SC) (Samson N et al, 2005). Le(s) 
mecanisme(s) precis par le(s)quel(s) les deglutitions sont inhibees par cette 
CPAP demeure(nt) encore nebuleux. Certaines evidences de la litterature 
suggerent I'implication des recepteurs a adaptation lente bronchopulmonaires 
(Kijima M et al, 2000 ; Yamamoto F et al, 2002) ou des recepteurs a pression 
positive des voies aeriennes superieures (VAS) (Stella MH et al, 2001). Ainsi, 
I'objectif de la presente etude est d'identifier le mecanisme reflexe principal a 
I'origine de I'effet inhibiteur de la CPAP nasale sur les deglutitions non-nutritives 
(DNN) chez I'agneau nouveau-ne durant le SC. Dix-huit agneaux nouveau-nes 
ont ete instruments chirurgicalement a 2 jours de vie, et distribues dans 3 
groupes experimentaux distincts. 6 agneaux ont ete tracheotomises, 6 autres 
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agneaux ont subi une vagotomie bilaterale en 2 etapes par thoraco-videoscopie, 
et les 6 agneaux restants ont ete soumis a une separation chronique entre les 
VAS et les voies aeriennes inferieures (VAI). Trois enregistrements 
polysomnographiques ont ete effectues, 48 h suivant la chirurgie, chez chaque 
agneau sans sedation. Les stades de consciences, les DNN et les mouvements 
respiratoires ont ete enregistres. Les resultats ont revele que I'administration 
d'une CPAP 6 cm H20 directement sur les VAI inhibe les DNN durant le SC. 
Cette inhibition des DNN est prevenue suite a I'elimination des afferences 
vagales en provenance des recepteurs bronchopulmonaires. Par contre, 
I'application d'une CPAP sur les VAS seulement inhibe aussi les DNN durant le 
SC. En conclusion, I'effet inhibiteur de la CPAP sur les DNN durant le SC est 
medie par les recepteurs bronchopulmonaires dans toutes les conditions 
experimentales, tandis que les recepteurs des voies aeriennes superieures n'y 
sont impliques que dans une seule. 
Contributions 
Pour cet article, j'ai realise toutes les etapes menant a sa redaction; incluant la 
mise au point des modeles animaux (avec I'aide des chirurgiens specifiques), 
tous les enregistrements polysmnographiques, la totalite des analyses de 
donnees et I'ecriture proprement dite (supervisee par mon directeur de 
recherche). 
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Abstract 
The present study investigated the mechanism by which CPAP suppresses non-
nutritive swallowing (NNS) during quiet sleep (QS) in newborn lambs. Eighteen 
full-term lambs were chronically instrumented and evenly distributed into 3 
separate groups to determine the extent to which modulation of NNS may be 
attributed to stimulation of upper airway and/or bronchopulmonary 
mechanoreceptors. Six lambs were tracheotomized, six other lambs underwent a 
2-step bilateral intrathoracic vagotomy while the remaining 6 lambs underwent 
chronic laryngotracheal separation (isolated upper airway group). Forty-eight 
hours after surgery, each non-sedated lamb underwent polysomnographic 
recordings on 3 consecutive days. States of alertness, NNS and respiratory 
movements were recorded. Results demonstrate that a CPAP of 6 cm H20 
inhibited NNS during QS while administered directly on the lower airways, and 
that bivagotomy prevented this inhibition. However, application of CPAP on the 
upper airways only also inhibited NNS during QS. Finally, the application of a 
CPAP of 6 cm H20 had no systematic effect on NNS-breathing coordination 
(assessed by the respiratory phase preceding and following NNS). In conclusion, 
our results suggest that bronchopulmonary receptors are implicated in the 
inhibiting effects of nasal CPAP 6 cm H2O on NNS in all our experimental 
conditions, whereas upper airway receptors are only implicated in certain 
conditions. 
Keywords: Nasal and tracheal CPAP; vagotomy; laryngotracheal separation; 
non-nutritive swallowing; bronchopulmonary receptors. 
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Introduction 
Nasal continuous positive airway pressure (CPAP) has been used in newborns 
for a number of years for treating respiratory distress syndrome, apneas of 
prematurity and as a bridge between endotracheal tube ventilation and 
spontaneous ventilation (4, 6, 10). However, laryngeal functions, such as non-
nutritive swallowing (NNS), which fulfils the important task of clearing upper 
airways from secretions and liquids refluxed from the stomach, have not been 
specifically assessed in newborns during nasal CPAP, aside from one study 
wherein nasal CPAP was shown to increase laryngeal opening (5). We recently 
reported that a nasal CPAP of 6 cm hfeO inhibits spontaneous NNS in newborn 
lambs during quiet sleep (QS) (19). Although such effects were previously 
reported for water-induced swallowing in conscious adult humans (12), the 
precise mechanism by which swallowing is inhibited by nasal CPAP remains 
unclear. Recent findings suggest it may be mediated by mechanoreceptors in the 
upper airways or by bronchopulmonary slowly adapting stretch receptors (SARs). 
Indeed, a recent study showed that application of CPAP on isolated larynx 
enhances laryngeal constrictor muscle (thyroarytenoid) activity in piglets (22). 
Alternatively, continuous lung inflation induced by negative extra thoracic 
pressure in awake adult humans also inhibits water-triggered swallows (7), 
suggesting that SARs can modulate swallowing. According to the authors, the 
latter hypothesis was further supported by the observation that voluntary 
hyperpnoea (hypocapnic or normocapnic) inhibits water-induced swallows in 
awake adult humans (26). Therefore, the main aim of this study was to test the 
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hypothesis that the inhibitory effect of nasal CPAP on spontaneous NNS is 
mediated by stimulation of bronchopulmonary receptors and/or receptors located 
in the upper airways. 
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Materials and methods 
Animals 
A total of eighteen lambs (three groups of 6 lambs) were included in the study. 
The study protocol was approved by the ethics committee of the Universite de 
Sherbrooke for animal care and experimentation. 
Common surgical preparation 
Aseptic surgery was performed under general anaesthesia (2% isoflurane, 30% 
N2O, 68% 02). Anaesthesia was preceded by an intramuscular injection of 
ketamine (10 mg/kg), atropine sulfate (0.1 mg/kg), an intra-venous bolus (10 
ml/kg) of Ringer lactate solution and one dose of ketoprofen (3 mg/kg 
intramuscularly) for analgesia and repeated if needed 12h after the first dose. 
Antibiotics (5 mg/kg gentamicin and 0.05 ml/kg duplocilline) were administered 
intramuscularly prior to surgery and daily thereafter. Bipolar gold plated stainless 
steel barbed broach electrodes were inserted into both thyroarytenoid muscles 
(TA) through the thyroid cartilage for electrical activity (EMG) recording. A bipolar 
electrode, custom-manufactured from two stainless steel Michel cutaneous 
staples (CDMV, St-Hyacinthe, QC, Canada), was inserted 5 cm distal to the 
oesophageal inlet to record oesophageal muscle EMG. Two needle-electrodes 
(E7-12, Grass Instruments Company, Quincy, MA) were inserted into the parietal 
cortex directly through the skull for electroencephalogram (EEG) recording. A 
third needle-electrode was also inserted under the scalp as a ground. Leads from 
each electrode were subcutaneously tunnelled to exit on the back of the animals. 
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Finally, a catheter was introduced into the artery of the lamb's forepaw to monitor 
arterial blood gases and pH. On experimental days, just before recordings, two 
needle electrodes (F-E2, Grass Instrument) were inserted subcutaneously near 
the right eye socket for electrooculogram (EOG) recording. Euthanasia was 
performed by an intravenous injection of 100 mg/kg of pentobarbital. Correct 
electrode positioning was systematically verified at autopsy. 
Specific surgical preparation 
Tracheotomized group. A tracheostomy was performed between the fifth and 
sixth tracheal rings in six lambs. An external tracheal tube was sewn and glued 
around the tracheostomy, leaving the tracheal lumen free of any instrumentation 
(8). 
Bivagotomy group. A 2-step, bilateral, intrathoracic vagotomy using video 
assisted thoracic surgery (Tele Pack control unit; no 20043120-020) was 
performed in 6 other lambs. A rigid endoscope (Hopkins II, Karl Storz 
Endoscopy Canada, Mississauga, ON) and surgical instruments (no 30340 FL, 
30310 DBS, Karl Storz, Germany) were inserted into the right pleural space 
through two small parietal incisions. The thoracic portion of the right vagus nerve 
was first visualized, dissected and isolated. The central bared portion of an 
enamelled chrome wire electrode (0.12 mm diameter; Leico Industries Inc, New-
York, USA) was positioned around the nerve, immediately caudal to the origin of 
the laryngeal recurrent nerve. The two free ends of the enamelled chrome wire 
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ultimately exited the pleural cavity and were anchored to the skin. A similar 
procedure was subsequently performed on the left side. 
Isolated upper airway group. The remaining six lambs underwent a laryngo-
tracheal separation to isolate the upper airways. The separation was performed 
directly under the larynx, just above the first tracheal ring. The caudal end of the 
larynx was sewn and glued to a 2 cm-long Dacron aortic prosthesis tube, whose 
extremity was sutured to a neck stoma. The rostral end of the trachea was sewn 
closed and an external tracheal tube was installed around a tracheostomy, as 
described above for the tracheotomized group. 
Recording equipment 
In order to obtain data from prolonged recordings in lambs under the least 
possible restraining conditions, we used our custom-designed radio telemetry 
system, composed of eight channels for nasal flow, ECG, EOG, EEG and EMG 
recordings (9). The raw EMG signals were rectified, integrated and moving time 
averaged (100 ms). Qualitative variations of lung volume were monitored using 
respiratory inductance plethysmography (Respitrace, NIMS, Miami Beach, FL). A 
custom-made nasal mask was installed on the lambs' muzzle during nasal 
ventilation, in such a manner that they were able to open their mouth at will (19). 
During tracheal ventilation (tracheotomized group), a cuffed endotracheal tube 
was inserted through the external tracheotomy tube. Nasal and tracheal CPAP 
were administered by using a Neopuff infant resuscitator mechanical ventilator 
(Fisher & Paykel Healthcare, Auckland, New-Zealand) with heated (33°C), 
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humidified air. Polysomnographic signals were recorded using Acknowledge 
software (version 3.7.3, Biopac Systems, Santa Barbara, CA). In addition, an 
observer was continuously present to note all events occurring during recordings. 
Design of the study 
All lambs were housed with their mother, with the exception of lambs of the 
isolated upper airway group, because of specific care related to permanent 
tracheostomy breathing. Lambs from that group were placed in a Plexiglas 
chamber (1.2 m3, in agreement with recommendations by the Canadian Council 
for Animal Care for sheep housing), through which water-saturated air was 
continuously flowed (10 L/min) using an Allegiance Airlife™ Nebulizer no 5207 
and a home humidifier. Tracheal secretions were suctioned at least three times a 
day (21). Lambs from that group were also fed ad libitum three times a day with 
ewe's milk. 
Polysomnographic recordings were performed for 4 to 6 hours on post-surgical 
days 2, 3 and 4 for the tracheotomized and isolated upper airways groups, and 
on post-surgical days 3, 4 and 5 for the bivagotomy group. All lambs were 
studied without sedation between 6:00 AM and 12:00 PM, while placed in a 
Plexiglas chamber (1.2 x 1.2 x 1 m), where they could move as freely as possible 
(connected to the ventilator) and sleep in the position they felt the most 
comfortable in. The CPAP level administered in all lambs and in all experimental 
conditions was 6 cm H20. 
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BRONCHOPULMONARY RECEPTOR STUDIES 
Tracheotomized group. Three different experimental conditions (one per day) 
were tested in a random order: 1) a control recording during which the lamb 
breathed through its nasal mask, without CPAP, and with the tracheostomy tube 
closed (no CPAP); 2) a recording with CPAP administered through the nasal 
mask with the tracheostomy tube closed (nasal CPAP, nCPAP); 3) a recording 
with CPAP administered through a cuffed tracheostomy tube (tracheal CPAP, 
tCPAP). 
Bivagotomy group. Three different experimental conditions were tested but only 
the first two conditions could be randomized: 1) a control recording during which 
the lamb breathed through its nasal mask, without CPAP and with intact vagi (no 
CPAP); 2) a recording with CPAP administered through the nasal mask and with 
intact vagi (pre-vago experiment). The third experimental condition was carried 
out on the last experimental day. A CPAP was administered through the nasal 
mask after thoracic bivagotomy (post-vago experiment). Thoracic bivagotomy 
was performed as follows. The free ends of each vagus nerve wire electrode 
were attached to an electrocauter (model 770, Electrosectilis, Britcher, CA). 
Traction was applied to the wires during electrocautery, thus sectioning the 
vagus nerve. The procedure took less than 5 sec and resulted in minimal 
discomfort (a short startle at most) for the lamb. The procedure was immediately 
repeated on the other side. Both vagus nerves were sectioned just caudally to 
the origin of the laryngeal recurrent nerve. Complete, bilateral vagotomy was 
always verified at necropsy. 
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ISOLATED UPPER AIRWAY RECEPTOR STUDY 
Isolated upper airway group. Three different experimental conditions were 
tested in random order: 1) a control recording during which the lamb breathed 
through the tracheostomy tube without CPAP (no CPAP); 2) a recording with 
CPAP administered through the nasal mask on the isolated upper airways, while 
the lamb breathed through the tracheostomy tube (CPAP 6 UA); 3) a recording 
with CPAP administered through the tracheostomy tube, directly on the lower 
airways (CPAP 6 LA). The specific goal of this group was to compare the 
importance of NNS inhibition coming from the upper airways vs. the lower 
airways in the same lamb. 
Data analysis 
States of alertness. Since the inhibiting effect of CPAP is specific to quiet sleep 
(QS) (19), only the data recorded during QS were considered. Standard 
electrophysiological and behavioral criteria were used to define sleep states (17). 
Non-nutritive swallowing activity. NNS activity was recognized by a brief, high-
amplitude TA EMG burst, as previously validated (16). Many TA EMG bursts 
were followed by a high amplitude oesophageal EMG burst (propagated NNS). 
NNS were defined depending on the respiratory phase preceding and following 
NNS. Four types of NNS were described: e-type NNS (preceded and followed by 
expiration), e/-type NNS (at the transition from expiration to inspiration), /'e-type 
NNS (at the transition from inspiration to expiration) and /-type NNS (preceded 
and followed by inspiration) (16). NNS activity was characterized either as an 
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isolated NNS or a burst of NNS, which was defined as at least two NNS occurring 
within a period of 4 s (19). These bursts may be part of the AS related phasic 
motor activity, equivalent to ponto-geniculo-occipital waves or bursts of rapid eye 
movements. Alternatively, they may be triggered by laryngopharyngeal reflux or 
pooling of upper airway secretions. Interestingly, obstructive and mixed apneas 
are frequently associated with bursts of NNS in AS in both premature lambs (15) 
and human infants (13). First, NNS frequency (number of NNS per hour) was 
calculated for isolated NNS, bursts of NNS, and total NNS (isolated + bursts of 
NNS), for each group and under each experimental condition. Then, the sum 
signal of the respiratory inductance plethysmograph was used to recognize the 
phase of the respiratory cycle disrupted by isolated NNS. NNS frequency was 
then calculated for each type of isolated NNS, for each group and under each 
experimental condition. 
Statistical analysis. Statistical analyses were performed using SAS software. 
For quantitative variables, data were expressed as mean and standard deviation 
(SD). Results on NNS frequency were first averaged for each lamb, and then 
averaged for the 6 lambs as a whole for each group. Normality was tested using 
the Shapiro-Wilks test. The effects of each experimental condition were then 
tested for each group by generalized linear models with repeated measures 
(GENMOD procedure) consisting in a normal regression model (total, isolated or 
burst of NNS) or a Poisson regression model (NNS-breathing coordination). One-
way ANOVA was used to test differences between our animal models. A value of 
p < 0.05 was considered significant. 
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Results 
General characteristics 
A sample tracing obtained in one lamb with a nCPAP is given in Fig. 1. 
Figure 1: 
Isolated NNS Bursts of NNS 
EEG 
EOG 
TA 
Oesophagus 
Thorax 
Abdomen 
Sum 
Sample recording of an isolated NNS (left tracing) occurring during QS compared with a 
burst of NNS (right tracing) occurring during AS in the same full-term lamb under nasal 
CPAP. EEG, electroencephalogram; EOG, electrooculogram; TA, raw thyroarytenoid 
electromyographic activity (EMG); oesophagus, raw oesophageal EMG; thorax, thoracic 
movement; abdomen, abdominal movement; sum, sum signal of the respiratory 
inductance plethysmography (inspiration upwards). 
General characteristics relative to respiratory pattern, weight on the day of 
surgery and arterial blood gases, which were corrected for lambs corporal 
temperature (39.5 ± 0.5) (1), are given for all lambs in Table 1. As expected, 
bivagotomy was responsible for a decrease in respiratory rate. Distribution of 
states of alertness is given for all lambs in Table 2. A total of six lambs were 
included in each group with the exception of the tCPAP condition in the 
tracheotomized group and the CPAP 6 LA condition in the isolated upper airway 
group, in which only 5 lambs were studied. 
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No statistical differences were observed (P = 0.6) when comparing NNS 
frequency during no CPAP condition in QS for all three experimental groups 
[tracheotomized (45 ± 17 h"1), bivagotomy (38 ± 10 h"1) and isolated upper airway 
(43 ± 13 h"1) group]. These results were similar to our previous results (19) 
obtained under the same conditions but in lambs with intact airways (36 ± 14 h"1) 
(Fig. 2). 
Figure 2: 
Comparison of NNS frequency during No CPAP conditions for all three experimental 
groups with previous results in lambs with intact airways 
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Intact Airways Bi-vago Tracheo Isol. UA 
Comparison of NNS frequency under no CPAP conditions in QS for all three 
experimental groups (Bi-vago, bivagotomy group; Tracheo, tracheotomized group; Isol. 
UA, isolated upper airway group). Results obtained in a previous study (14) under 
identical experimental conditions, but in lambs with intact airways (intact airways) are 
added for comparison. 
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Effect of positive airway pressure on NNS frequency 
The effects of CPAP on NNS frequency are reported in table 3. 
BRONCHOPULMONARY RECEPTOR STUDIES 
Tracheotomized group. Compared to no CPAP, both nasal (nCPAP) and 
tracheal (tCPAP) CPAP inhibited total and isolated NNS frequency during QS (p 
< 0.0001). However, only nasal CPAP (P = 0.001) inhibited bursts of NNS 
frequency. 
Bivagotomy group. Compared to no CPAP, nasal CPAP with intact vagus 
nerves inhibited total and isolated NNS (p < 0.0001) and bursts of NNS (p = 0.01) 
during QS. This NNS inhibition was not observed after bilateral vagotomy (p > 
0.4 vs. no CPAP). 
ISOLATED UPPER AIRWAY RECEPTOR STUDY 
Isolated upper airway group. Compared to no CPAP, CPAP on either the upper 
or the lower airways inhibited total (p < 0.0007) and isolated (p < 0.01) NNS 
frequency during QS. On the other hand, only the application of CPAP on the 
upper airways inhibited bursts of NNS frequency (p = 0.04). 
IN SUMMARY, CPAP consistently decreased total and isolated NNS frequency in 
QS when administered directly on the lower airways. This NNS inhibition was 
prevented by elimination of vagal afferent messages originating from 
bronchopulmonary receptors . In addition, application of CPAP on the upper 
airways only inhibited total, isolated and bursts of NNS frequency during QS. 
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NNS-breathing coordination 
The effects of CPAP on NNS-breathing coordination are reported in fig. 3. 
Overall, NNS-breathing coordination was similar for all experimental conditions. 
While /-type NNS were the most frequent, e-type NNS were the least common. 
Furthermore, e/'-type NNS were slightly more frequent than /e-type NNS in almost 
all experimental conditions, with the exception of the pre-vago condition of the 
bivagotomy group and the no CPAP condition of the isolated upper airway group. 
BRONCHOPULMONARY RECEPTOR STUDIES 
Tracheotomized group. Compared to no CPAP, both tCPAP 6 (p = 0.009) and 
nCPAP 6 (p = 0.003) decreased /-type NNS. Moreover, nCPAP 6 decreased e/'-
type NNS (p = 0.009). In contrast, tCPAP6 increased e-type NNS (p = 0.008). 
Bivagotomy group. Compared to no CPAP, nasal CPAP with intact vagus 
nerves decreased both e/'-type NNS (p = 0.0002) and e-type NNS (p < 0.0001). In 
contrast, nasal CPAP after bilateral vagotomy did not alter NNS-breathing 
coordination. 
ISOLATED UPPER AIRWAY RECEPTOR STUDY 
Isolated upper airway group. Compared to no CPAP, CPAP on the lower 
airways decreased both /e-type NNS (P < 0.0001) and e-type NNS (P = 0.002). 
CPAP on the upper airways also decreased /-type NNS (P = 0.02). 
OVERALL, CPAP had no systematic effect on NNS-breathing coordination. A 
slight decrease in variable types of NNS, specific for each group, was frequently 
observed. 
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Figure 3 
Effect of continuous positive airway pressure on NNS-breathing coordination 
£, n 
I 
a. 
Tracheotomized group 
t, £ 
¥ * • 
§ 
* > 
8 T 
I EI IE E I EI IE E I EI IE E 
I I I I 
No CPAP nCPAP tCPAP 
£ 
T ¥,<x 
I 
I EI IE 
No CPAP 
Bivagotomy group 
£,t 
I 
I EI IE 
CPAP 6 Pre-vagotomy 
i I EI IE E 
CPAP 6 Post-vagotomy 
<P,§,t 
Isolated upper airway group 
•I v ^m •' 
EI IE 
No CPAP 
£, »|/ 
EI IE 
CPAP 6 UA CPAP 6 LA 
Effects of continuous positive airway pressure (CPAP 6 cmE^O) on NNS-breathing 
coordination during the various experimental conditions, /'-type, NNS preceded and 
followed by inspiration; e/'-type, NNS at the transition from expiration to inspiration; re-
type, NNS at the transition from inspiration to expiration and e-type, NNS preceded and 
followed by expiration, t P < 0.05, i-type NNS vs. ei-type NNS; § P < 0.05, i-type NNS 
vs. ie-type NNS; £ P < 0.05, i-type NNS vs. e-type NNS; ¥ P < 0.05, ei-type NNS vs. e-
type NNS; * P < 0.05, ie-type NNS vs. e-type NNS; CO P < 0.05, ie-type NNS vs. ei-type 
NNS; Q P < 0.05, no CPAP tracheotomized group vs. nCPAP 6; 8 no CPAP 
tracheotomized group vs. tCPAP 6; ^ P < 0.05 nCPAP 6 vs. tCPAP 6; a P < 0.05 no 
CPAP bivagotomy group vs. CPAP 6 pre-vago; e P < 0.05 pre-vago vs. post-vago; q> P < 
0.05 no CPAP isolated upper airway group vs. CPAP 6 UA; X P < 0.05 no CPAP isolated 
upper airway group vs. CPAP 6 LA; \\f P < 0.05 CPAP 6 UA vs. CPAP 6 LA. 
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Discussion 
Statement of principal findings 
The present study provides new insight on reflex mechanisms, which are 
involved in the inhibiting effects of nasal CPAP on spontaneous NNS in the 
neonatal period. Our results show that a CPAP of 6 cm H20 inhibits NNS during 
QS when administered directly on the lower (sub glottal) airways. This NNS 
inhibition is prevented when most vagal afferent messages, originating from 
bronchopulmonary receptors, are eliminated by bilateral vagotomy. In addition to 
the NNS-inhibiting effects of bronchopulmonary receptors, our results also reveal 
that the application of a CPAP on the isolated upper airways inhibits NNS during 
QS. Finally, the present study reveals that CPAP does not alter NNS-breathing 
coordination in any of our animal models, all of which were uniquely designed 
using sophisticated surgical techniques. 
Effect of positive airway pressure on NNS frequency 
Nasal CPAP has been previously shown to inhibit water-induced swallowing in 
conscious adult humans (12) and spontaneous NNS in newborn lambs during 
QS (19). However, the precise reflex mechanism(s) by which swallowing is 
inhibited by nasal CPAP remains unclear. Data from the literature either suggest 
that the upper airways receptors (22) or the bronchopulmonary receptors are 
implicated (7,26). 
BRONCHOPULMONARY RECEPTOR STUDIES 
Three types of afferent bronchopulmonary receptors are traditionally described, 
including the SARs, the rapidly adapting stretch receptors or "irritant" receptors 
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and the bronchopulmonary C-fibre endings (24). Since administration of CPAP is 
associated with lung inflation at a constant transmural pressure, rapidly adapting 
receptors and bronchopulmonary C-fibres are not stimulated by CPAP (2). Thus, 
nasal CPAP could particularly inhibit NNS by stimulation of SARs by a vagally 
mediated lung reflex. In support of this hypothesis, continuous lung inflation 
brought about by continuous negative extra thoracic pressure in awake adult 
humans inhibits water-triggered swallows (7). The involvement of the SARs was 
deemed to be further supported by observing that voluntary hyperpnoea 
(hypocapnic or normocapnic) inhibits water-induced swallows in awake adult 
humans (26). Moreover, our present results that a tracheal CPAP inhibits NNS in 
a manner similar to that of nasal CPAP suggest an involvement of 
bronchopulmonary receptors. This is further confirmed by our observation that 
bilateral vagotomy prevents NNS inhibition by nasal CPAP. The latter result also 
suggests that chest wall receptors are not implicated in NNS inhibition. In brief, 
the present data strongly suggest that the inhibiting effect of nasal CPAP on NNS 
during QS in the newborn lamb is mediated by a reflex mechanism originating 
from the bronchopulmonary receptors, most likely the SARs. 
ISOLATED UPPER AIRWAY RECEPTORS STUDY 
Theoretically, inhibition of NNS could be elicited by stimulation of upper airway 
receptors, including pressure, drive, cold (flow), irritant and C-fibre receptors, all 
of which are particularly numerous in the nasal and laryngeal regions (20). The 
pressure receptors, whose activity is modulated by negative or positive pressure, 
account for most receptors of the nasal and laryngeal regions (20). Since the air 
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driving CPAP in experiments herein was heated at body temperature and at a 
constant pressure, the inhibiting effect observed with CPAP on isolated upper 
airways is most probably mediated by stimulation of mechanoreceptors. 
Interestingly, direct application of CPAP on the isolated larynx was recently 
shown to enhance thyroarytenoid muscle activity in piglets (22). Results obtained 
in our isolated upper airway group show that, in this experimental condition, NNS 
inhibition is as important when CPAP is applied on the upper airways as on the 
lower airways. However, we do not have any satisfactory explanation for our 
observation that the inhibiting effect of CPAP on the upper airways appears less 
consistent among our various experimental conditions than the effect of CPAP on 
the lower airways. 
Overall, our results strongly suggest that bronchopulmonary receptors 
consistently mediate NNS inhibition by nasal CPAP, while upper airway receptors 
participate in the inhibition in certain experimental conditions only. 
NNS-breathing coordination 
NNS breathing-coordination is crucial for minimizing the risk of aspiration or 
prolonged apneas, especially in vulnerable infants, such as preterm newborns. 
Results of the present study confirm our previous results that inspiratory NNS are 
more frequent than expiratory NNS in control conditions (no CPAP) in newborn 
lambs (16, 19). These results also illustrate that, overall, application of CPAP has 
no systematic effect on NNS breathing-coordination in our three different animal 
models and experimental conditions. Interestingly, the absence of any alteration, 
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after elimination of most bronchopulmonary afferent messages, suggests that 
they are not important for NNS-breathing coordination in neonates. We already 
showed that many conditions and external stimuli, such as prematurity (15), 
maturation and rumination (18), nasal ventilation (19) and hypoxia (3), do not 
alter NNS-breathing coordination in lambs. All these findings further support our 
hypothesis that NNS-breathing coordination is well established at the central 
nervous system level from birth. 
Validation of our animal models 
According to a recent review, considerable gaps still exist in our knowledge on 
the modulation of upper airway muscles by bronchopulmonary afferents (2). With 
this in mind, we specifically developed two unique animal models to study the 
effects of upper airway vs. bronchopulmonary receptors on the regulation of 
NNS. 
We first developed a chronically isolated upper airway lamb model. Results 
obtained in this model, when a CPAP was directly administered via a 
tracheostomy tube, reproduce results obtained in our tracheotomized group. This 
consistent finding in our 2 experimental groups suggests that upper airway 
surgery in our isolated upper airway group did not alter NNS activity in a manner, 
which would preclude any further conclusions. Furthermore, the relevance of this 
model for our physiological studies on NNS is suggested by the clinical 
observation that bottle-feeding was identical to that in lambs with intact airways, 
and that there were no signs of upper airway hypersecretion. Finally, NNS 
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frequency in baseline conditions (no CPAP) was not different from lambs in the 
other experimental groups of the present study, or from lambs having undergone 
no airway surgery in a previous study (19). Secondly, we developed a lamb 
model using a 2-step, intrathoracic bilateral vagotomy using video-assisted 
thoracic surgery. This model offers several advantages over previously reported 
lamb models with bilateral vagotomy (14, 25). On the one hand, video-assisted 
thoracic surgery allows for a much less aggressive intervention than when using 
a standard thoracotomy. In addition, the 2-step procedure is better tolerated by 
the lamb, allowing to wait for postoperative recovery during which the two vagal 
nerves still remain operational, and to use each lamb as its own control. Again, 
the relevance of this bilateral vagotomy model was shown by the absence of 
observable swallowing abnormalities, both clinically during and between bottle-
feeding and when computing NNS frequency in baseline conditions. 
Hence, the development of these 2 unique lamb models constitutes a very 
important aspect of the present study. It paves the way for further studies 
exploring the origins of various upper airway functions in the neonatal period, 
including, e.g., studies on the laryngeal chemoreflexes (23) or during nasal 
ventilation (11). 
In conclusion, the present study illustrates for the first time that the inhibiting 
effect of nasal CPAP on NNS in newborn lambs during QS is mediated by 
stimulation of the bronchopulmonary receptors (most likely the slow-adapting 
stretch receptors). Besides this consistent effect in all our experimental 
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conditions, our results show that the inhibitory effect of CPAP can also be 
mediated by stimulation of upper airway receptors in certain conditions. The 
results also illustrate that, overall, the application of CPAP in newborn lambs has 
no systematic effect on NNS-breathing coordination, suggesting that NNS-
breathing coordination is well established at the central nervous system level 
from birth. Finally, the present study has enabled the development of two unique 
and sophisticated animal models relevant for studying the modulation of upper 
airway muscles by bronchopulmonary afferents. 
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Article II 
NON-NUTRITIVE SWALLOWING AND RESPIRATION COORDINATION AMONG 
STATES OF ALERTNESS IN ADULT SHEEP 
Samson N, Roberge S, Dorion S, Dorion D, Praud JP. J Otolaryngol 36: 140-7, 
2007 
Resume 
La deglutition est un puissant inhibiteur de la respiration. Sa coordination avec la 
respiration est ainsi cruciale afin d'eviter les aspirations tracheales et les apnees. 
Nous avons initialement caracterise la coordination des deglutitions non-
nutritives (DNN) avec la respiration chez les agneaux prematures et nes a terme 
en fonction des stades de conscience (Reix P et al, 2003 et 2004). Ainsi, 
I'objectif de cette etude a ete de caracteriser la coordination DNN - respiration 
chez la brebis adulte, incluant revaluation de I'effet des stades de conscience, 
pour tester I'hypothese que la maturation postnatale n'influence pas cette 
coordination chez I'ovin. Six brebis adultes ont ete instrumentees 
chirurgicalement sous anesthesie generate, afin d'installer les electrodes nous 
permettant d'evaluer la frequence et la coordination des DNN avec la respiration 
en fonction des stades de conscience. Un enregistrement polysomnographique 
sans sedation a ete realise chez chaque brebis. Les resultats ont montre que la 
coordination DNN - respiration de la brebis adulte est similaire a celle des 
agneaux nouveau-nes prematures et nes a terme avec une frequence des DNN 
plus elevee en sommeil REM qu'a I'eveil et qu'en sommeil non-REM, et avec une 
predominance des DNN survenant au cours de I'inspiration. En conclusion, la 
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coordination DNN - respiration ne subit aucune maturation au cours du 
developpement postnatal chez I'ovin. 
Contributions 
Pour cet article, j'ai realise toutes les etapes menant a sa redaction; incluant, 
tous les enregistrements polysmnographiques, I'analyse des donnees a 50% et 
I'ecriture proprement dite a 75% (supervisee par mon directeur de recherche). 
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Abstract 
Swallowing is a powerful inhibitor of respiration. Its coordination with 
respiration is therefore crucial to avoid aspiration and apnea. The aim of this 
study was to determine the coordination between non-nutritive swallowing (NNS) 
and phases of the respiratory cycle, including the assessment of the effect of the 
states of alertness in the adult sheep. Six animals were surgically instrumented 
under general anaesthesia to record EEG, EOG (state of alertness); 
diaphragmatic EMG, nasal flow (respiration); oesophageal EMG and 
thyroarytenoid muscle (NNS). Our results revealed that (1) the highest NNS 
frequency is observed in REM sleep, especially for bursts of NNS; (2) while NNS 
begin mainly during inspiration in all states of alertness, REM sleep is however 
responsible for an increase in the proportion of NNS beginning in expiration; (3) 
the link between inspiration and NNS is not affected by rumination. In conclusion, 
the link between NNS and inspiration in adult sheep is similar to that of lambs but 
contrary to previous reports on NNS induced by water in humans. Whether these 
differences are related to inter-species differences or the experimental 
techniques clearly needs further studies on spontaneous NNS in humans. 
Keywords : non-nutritive swallowing; control of breathing; sheep; rumination; 
sleep 
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Introduction 
Non-nutritive swallowing (NNS) which is responsible for the clearance of saliva, 
nasopharyngeal secretions and gastric reflux is essential for survival. Without 
competent NNS, the lungs would rapidly fill with these secretions, producing 
death within a few days. As swallowing is associated with a brief pause in the 
respiratory cycle and uses the same upper airway muscles 1'2, a perfect 
coordination between NNS and respiration is crucial to prevent consequences 
such as aspiration, pneumonias and apneas. Several conditions, e.g., stroke, 
vocal cord paralysis, muscular dystrophia or amyotrophic sclerosis, can disrupt 
this coordination 3. In fact pulmonary complications are usually the cause of 
death for the majority of these patients. Despite its clinical importance, the 
complex interrelationship between NNS and respiration is anything but 
understood. To our knowledge, no study has ever evaluated the coordination 
between NNS and the respiratory cycle across the states of alertness in adult 
mammals. A few studies have investigated spontaneous NNS during 
wakefulness in adult goats 4 or NNS induced by water in adult humans 1. Thus, 
the main goal of the present study was to assess the coordination between NNS 
and phases of the respiratory cycle across the different states of alertness in the 
adult sheep. In addition, we aimed at assessing whether a postnatal maturation 
of NNS is observed in the ovine model, by comparing results of the present study 
to our previous results obtained in premature and full-term newborn lambs 5"7. 
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Materials and methods 
Animals 
A total of six ewes were involved in the study. All animals came from our usual 
local provider sheepfold. The study protocol was approved by the ethics 
committee of the University of Sherbrooke for animal care and experimentation. 
Surgical preparation 
Aseptic surgery was performed under general anesthesia (2% isoflurane, 30% 
N2O, 68% O2). Anesthesia was preceded by an intramuscular injection of 
ketamine (10 mg/kg), glycopyrolate (0.05 mg/kg) and xylazine (0.15 mg/kg) and 
an intra-venous bolus (10 cc/kg) of Ringer lactate solution. Antibiotics (5 mg/kg 
gentamicin and 0.05 cc/kg duplocilline) were administered intramuscularly before 
surgery and daily until the end of the experiments. One dose of ketoprofen (3 
mg/kg intramuscularly) was systematically given immediately after induction of 
the anesthesia for analgesia; it was repeated if needed on the first postoperative 
day, 12h after the first dose. Bipolar gold plated stainless steel barbed broach 
(3mm length) electrodes were inserted into both thyroarytenoid muscles (TA) 
through the lateral aspect of the thyroid cartilage for electrical activity (EMG) 
recording. Bipolar enameled chrome wire electrodes (0.1 mm diameter, Chromel, 
GTSM, Castelnaudary, France) were inserted into the diaphragm8. A bipolar 
electrode custom-made from two stainless steel Michel cutaneous staples 
(11mm length, 2mm width; CDMV, St-Hyacinthe, QC) was inserted 5 cm distal to 
the esophageal inlet to record esophageal muscle EMG. Two right-angled, 
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platinum needle-electrodes (E7-12, Grass Instruments Company, Quincy, MA) 
were inserted into the parietal cortex directly through the skull, at the level of the 
lambda suture, 1 cm from the midline, for electroencephalogram (EEG) 
recording. One platinum needle-electrode (E2-12, Grass Instruments Company) 
was also inserted under the scalp as a ground. Finally, two platinum needle-
electrodes were inserted subcutaneously on the proximal forelegs for recording 
electrocardiogram (ECG) activity. Leads from each electrode were 
subcutaneously tunneled to exit on the back of the animals. On the experimental 
day, just before recordings, two platinum needle electrodes (F-E2, Grass 
Instrument) were inserted subcutaneously into the outer lower region and the 
upper region of the right eye socket for electrooculogram (EOG) recording and 
secured with biological glue. Nasal airflow was recorded using a thermocouple 
wire (iron/constantan, type J; Omega Engineering, Stanford, CO) glued to the 
side of one nostril. Correct electrode positioning was systematically verified at 
autopsy. 
Recording equipment 
In order to obtain data from prolonged recordings (with periods of wakefulness 
and sleep) in ewe under natural conditions, we used our custom-made 
radiotelemetry system 9, composed of eight channels for nasal flow, ECG, EOG, 
EEG and EMG recordings. Signals from the transmitter, located in a pocket glued 
to the back of the animal, were received by an antenna placed in the pen and 
then re-routed to our laboratory where the eight signals were fed to the 
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acquisition system. The raw EMG signals were rectified, integrated, and 
averaged (moving time average of 100 ms).. Polysomnographic signals were 
recorded on a personal computer (Pentium 3) using a computerized acquisition 
device (MP100, Biopac Systems, Santa Barbara, CA) and software 
(Acknowledge 3.7.3, Biopac Systems). Furthermore, the ewes were continuously 
monitored using two infrared video cameras placed in the recording room. An 
observer was always present in the laboratory to note all events occurring during 
recordings. Collected data were stored on compact disk for further analysis. 
Design of the study 
Each ewe was studied without sedation 48 hours after surgery, between 5:30 PM 
and 2:00 AM. Usual light cycle, i.e., light extinction between 6:00 PM and 6:00 
AM, was maintained throughout the recordings, together with constant room 
temperature (22 °C) and humidity (70%). Immediately prior to the recording 
session, the telemetry transmitter was connected to the electrode leads and 
attached to the ewe's back. Use of our telemetry equipment allowed us to study 
freely moving, non-sedated ewes able to feed and sleep ad libitum. Periods of 
feeding were noted and excluded from the analysis, including 5 min after feeding. 
Data analysis 
States of alertness. Electrophysiological (EEG and EOG) and behavioral criteria 
were used to define the five states of alertness previously described in the adult 
sheep6. Three states of alertness (wakefulness, NREM sleep and REM sleep) 
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were assessed, as previously reported in goats . Briefly, wakefulness was 
defined by the presence of a low-voltage, mixed-frequency EEG together with 
head holding in an upright position, alerting response to random ambient noises, 
eye blinks and/or general movements. NREM sleep was defined by the presence 
of a synchronized, low-frequency and high amplitude EEG (2-3 times greater 
than during wakefulness) and the absence of eye movements. Finally, REM 
sleep was defined by the presence of a low-voltage, mixed-frequency and 
desynchronized of the EEG, with frequent rapid eye movements and postural 
muscle atonia indicated by the inability to hold the head in an upright position. A 
cortical arousal was defined by the association of a change in EEG (decrease in 
amplitude + increase in frequency) for 3 s or more, with at least two of the 
following modifications: a 10% increase in HR, a change in respiration, or 
movement11. 
Non nutritive swallowing. NNS was recognized by a brief, high amplitude TA 
EMG burst with interruption of nasal airflow, as previously validated5. Many TA 
EMG bursts were followed by a high amplitude esophageal EMG burst 
(propagated NNS). NNS were defined depending on the respiratory phase 
preceding and following NNS. Four types of NNS were described: e-type NNS 
(preceded and followed by expiration), e/'-type NNS (at the transition from 
expiration to inspiration), /e-type NNS (at the transition from inspiration to 
expiration) and /-type NNS (preceded and followed by inspiration) as previously 
described5. Only NNS with good quality diaphragmatic EMG and nasal airflow 
were analyzed for this purpose. NNS frequency was calculated for each type of 
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NNS, in each state of alertness. The frequency of NNS bursts, defined as 2 or 
more NNS occurring within a 4 s-period7 was calculated for each state of 
alertness. The coordination pattern between NNS activity and respiratory phase 
during and after rumination (up to 30 seconds after rumination) was analyzed 
separately. Rumination was recognized by the presence of movement artefacts 
on the EEG an EOG associated with chewing movement from the ewe8. Thus, 
these movement artefacts prevented us to recognize the exact state of alertness 
within the rumination periods, but intervals between rumination were 
characterized by the presence of an EEG trace associated with wakefulness, 
NREM or REM sleep. 
Statistical analysis. Statistical analyses were performed with the SAS software. 
First, all results were tested for at least 80% power using the Nquery 4.0 
software. For quantitative variables, data were expressed as means and 
standard deviations (SD). Results on NNS frequency were first averaged for 
each ewe, then averaged for the 6 ewes as a whole. The effects of the states of 
alertness, the coordination between NNS and respiratory cycle, and the effects of 
rumination were tested by generalized linear models (Poisson regression) with 
repeated measures (GENMOD procedure). A value of P < 0.05 was considered 
as statistically significant. 
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Results 
General results 
Animals. Six ewes weighing 46 ± 4 kg (range 44-53) on the day of the surgery 
were included in this study. 
States of alertness. Total duration of polysomnographic recordings was 27.4 h, 
with a mean recording time of 4.6 ± 1.3 h (range 2.1-5.7) in each ewe. Mean 
duration of the states of alertness was 1.2 ± 0.5 h (30%) for W, 1.3 ± 1.1 h (34%) 
for NREM, 0.06 ± 0.07 (2%) for REM. Overall, 6% of the recording was classified 
as undetermined state. All states of alertness were present in all but one ewe, in 
which only W could be identified, due to technical problems. 
NNS frequency 
A total of 1774 NNS were recorded apart from the rumination periods, including 
708 NNS in W, 989 in NREM sleep and 77 in REM sleep. The effects of the 
states of alertness on NNS frequency are illustrated in Figure 1. First, total NNS 
frequency was significantly higher in REM (171 ± 91 h"1) than W (94 ± 13 h'1, p = 
0.002). Also, total NNS frequency was significantly higher in NREM sleep (113 ± 
20 h"1) than W (p = 0.003), and 1.5 times higher in REM vs. NREM (p = 0.07). 
Similarly, isolated NNS frequency was significantly higher in REM (144 ± 63 h~1) 
than W (90 ± 13 h"1, p = 0.02) and isolated NNS frequency was significantly 
slightly higher in NREM sleep (106 ± 22 h~1) than W (90 ± 13 h"1, p = 0.007). 
Finally, NNS burst frequency was significantly higher in REM (27 ± 34 h"1) than 
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both W (4 ± 5 h"1, p < 0.0001) and NREM sleep (7 + 5 h"1, p < 0.0001). No 
statistical difference was observed between NREM sleep and W (p= 0.2). 
Figure 1: 
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Relationship between states of alertness and non-nutritive swallowing frequency (number 
of NNS per hour). A) total NNS frequency B) isolated NNS frequency C) NNS burst 
frequency. Results are presented as means ± SD. Abbreviations: W, wakefulness; NREM 
sleep; REM, REM sleep. * : P < 0.05. 
Propagation of non-nutritive swallows 
Esophageal EMG activity was recorded in four out of six ewes (breakage of the 
esophageal electrode in two ewes), allowing to assess NNS propagation to the 
esophagus in 78 % (1382 /1774) of all NNS (Figure 2). While virtually all isolated 
NNS (1285 / 1288) recognized from TA EMG were also recorded by the 
esophageal electrode within the following second, 15 % (14 / 94) of NNS 
occurring in burst were not propagated to the esophagus. All of those NNS, 
which were not propagated to the esophagus, were followed in less than one 
second from the next NNS. 
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Figure 2: 
Typical recording during REM sleep showing two NNS propagated to the esophagus. 
Abbreviations: EEG, electroencephalogram; EOG, electrooculogram; Nasal Flow; TA, 
raw thyroarytenoid muscle EMG; J TA, moving time average TA EMG; Esophagus, raw 
esophageal muscle EMG; I esophagus, moving time average esophageal EMG. 
Coordination between NNS activity and phases of the respiratory cycle 
Coordination between NNS and phases of the respiratory cycles could be 
analyzed in 93% (1649 / 1774) of all NNS (Figure 3). Overall, /-type NNS (59 ± 
17 h"1, 54%) were significantly more frequent than the e/'-type (26 ± 19 h~\ 24%, 
p = 0.002 vs. i-type), the /e-type (18 ± 15h"1, 16%, p < 0.0001 vs. i-type) and the 
e-type (6 ± 7h"1, 6%, p = 0.001 vs. i-type). While the above pattern of NNS-
respiration coordination was observed in both W and NREM, differences were 
apparent in REM. Indeed, while /-type NNS were still the most frequent of all 
NNS recorded in REM, e-type NNS were 4 times more frequent than during both 
W and NREM (p = 0.0013 and p = 0.0042 respectively). In addition, conversely 
to observations in both W and NREM, e-type NNS were more frequent than ie-
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type and e/'-type NNS in REM, though no statistical differences were observed (p 
= 0.4 and p = 0.4 respectively). 
Figure 3: 
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Pattern of coordination between non-nutritive swallowing and phases of the respiratory 
cycle. Results are presented as means + SD. Abbreviations of NNS pattern : /-type NNS 
(preceded and followed by an inspiration); z'e-type NNS (at the transition between 
inspiration and expiration); e/'-type NNS (at the transition between expiration and 
inspiration); e-type NNS (preceded and followed by an expiration). See figure 2 for other 
abbreviations. * : P < 0.05. 
Non-nutritive swallowing during rumination 
Mean duration of rumination periods in each ewe was 1.1 + 1.1 h (29%). A total 
of 1071 NNS (667 during rumination and 404 in the 30 sec following rumination) 
were observed in the six ewes. Mean duration of each rumination epoch in each 
ewe was 81 ± 65 sec (range 3-900). While profuse movement artefacts 
prevented us to recognize the state of alertness with rumination with absolute 
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certainty, available tracings suggest that rumination was present during 
wakefulness. During rumination, NNS-respiration coordination was again 
characterized by a clear preponderance of /-type NNS (43 ± 25 h"1, 59%) and 
very few e-type NNS (3 ± 6 h"\ 4%, p = 0.0006 vs. /-type) (Figure 4). An 
intermediate frequency was observed for both /e-type (16 ± 21 h"1, 22%, p = 
0.008 vs. /-type) and e/'-type NNS (11 ± 7 h"1, 15%, p < 0.0001 vs. /-type). A 
similar pattern of NNS-respiration coordination was apparent in the immediate 
post-rumination period, apart from a significant decrease in the /e-type NNS (p < 
0.0001 vs. during rumination). 
Figure 4: 
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Pattern of coordination between non-nutritive swallowing and phases of the respiratory 
phase during rumination (right) and in the 30 second-period following rumination (left). 
Results are presented as means ± SD. See figure 3 for abbreviations. * : P < 0.05. 
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Discussion 
To our knowledge, the present study is the first to provide data on the 
coordination between respiration and non-nutritive swallowing in an adult 
mammal across the different states of alertness. Our results obtained in sheep 
show that: (1) NNS are the most frequent in REM sleep; (2) NNS occur mainly 
during inspiration, whatever the state of alertness or the presence of rumination; 
(3) while still less frequent than /-type NNS, e-type NNS are four times more 
frequent in REM sleep than in both W and NREM sleep. Interestingly, the present 
results are in general agreement with our previous results obtained in newborn 
lambs. These new data are important for the understanding of both the 
relationships between NNS and the respiratory cycle in adult life, and the 
postnatal maturation of NNS. 
Effects of the different states of alertness on the frequency of NNS 
To our knowledge, only one study has previously assessed the effect of sleep 
state on NNS frequency in adult mammals and shown a higher frequency in REM 
vs. NREM sleep12. Our present results are in general agreement with these 
results in humans, and several other results obtained perinatally5"7,13,14. The 
reason why NNS frequency is higher during REM sleep is unclear. According to 
results in adult humans, saliva secretion does not appear to be more important in 
REM than NREM sleep15. The influence of REM sleep in triggering irregular and 
higher respiratory and heart rate is however well documented. Given the close 
localization and similar organization of the central pattern generators driving 
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NNS, respiration, and heart rate, it may not be surprising that REM sleep exerts a 
similar influence on these functions. Whatever the cause for the higher NNS 
frequency in REM sleep, the relationship between NNS and states of alertness 
seem to be similar in humans and sheep, whatever the maturation. 
In addition, we observed in the present study that the frequency of NNS bursts is 
at its highest in REM sleep, which isin agreement with our previous studies in 
lambs5, 7. A possible hypothesis for this observation is the presence of phasic 
muscular movements during REM sleep. While NNS bursts were occasionally 
associated with apneas in preterm lambs6 and premature infants16, no apneas 
associated with NNS burst were observed in the present study. This is likely 
related to postnatal maturation of swallowing and respiratory control. 
Somewhat surprisingly, NNS frequency during sleep in adult ewes appeared to 
be two- to threefold the value we observed in both full-term and preterm lambs5"7, 
which is contrary to previous findings in humans14'17. Such discrepancy may be 
related to postnatal maturation of the rumination mechanisms in sheep during the 
first month of life, which possibly enhances swallowing function. Of note, 
previous observations during W in goats breathing through a tracheostomy 
yielded similar NNS frequency than in the present study4. Finally, the higher NNS 
frequency in REM sleep, as compared to wakefulness, must be interpreted with 
caution, due to the exclusion of periods of rumination in W. 
While all isolated NNS were propagated to the esophagus in the present study, 
some NNS occurring in bursts were not. This has already been reported in the 
preterm ovine fetus18. Whether this absence of propagation originates from the 
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swallowing central pattern generator or is related to limiting mechanical factors at 
the laryngeal or esophageal level when NNS frequency is high is not known. 
Coordination between NNS activity and the respiratory cycle 
It is generally accepted that a perfect coordination must be present between NNS 
and the phases of the respiratory cycle to prevent tracheal aspirations, apneas 
and even apparent life-threatening events in infants14. Previous results in adult 
mammals have been obtained in wakefulness only, most often from NNS 
induced by water instead of spontaneous NNS, not allowing us to get a clear 
picture on this coordination1,19,21"25. While studies in adult humans suggest that 
most NNS occur during expiration1,25, observations in adult goats during W rather 
suggest that NNS occur predominantly during inspiration4. Results of the present 
study during W showing that 80% of NNS begin in inspiration are in agreement 
with observations in goats. Discrepancies between results in goats and sheep 
and previous results in adult humans may be related to 1) study design (NNS 
induced by bolus of water in adult humans vs. spontaneous NNS in goats and 
sheep) or to 2) species differences, including the fact that sheep and goats are 
ruminants and the effect of position (standing or sitting vs. on all four)23. 
Interestingly, the present results on NNS-respiration relationships during W in 
adult sheep are in general agreement with our previous results in lambs5"7. This 
suggests that, if position is an important determinant of the NNS-respiration 
relationships, lying prone (most frequent in newborn lambs) has the same impact 
than being on all four (most frequent in adult goats and sheep). In addition, the 
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similarity of results obtained in lambs and adult sheep suggests that NNS-
respiration coordination is established early in life, even prenatally, at least in the 
sheep5"7. 
The present observations show also that, while NNS-respiration relationships are 
identical in W and NREM sleep, the proportion of e-type NNS is clearly increased 
in REM sleep. We have no explanations for this observation, which is at variance 
with previous results in lambs, in which no impact of the state of alertness was 
found5"7. Whether this is identical in humans is not known at the present time, 
and further studies are clearly needed in humans on spontaneous NNS, in both 
the neonatal period and adult life, to confirm whether or not our observations in 
sheep are applicable to humans. 
Coordination between NNS activity and the respiratory cycle during 
rumination 
Obviously, an important peculiarity of the sheep is the presence of rumination, 
which could alter NNS very significantly. This is why we analyzed periods with 
rumination apart from periods without rumination. While profuse movement 
artifacts prevented us to recognize the state of alertness with rumination with 
absolute certainty, available tracings suggest that rumination was present during 
wakefulness. The finding that most NNS observed during the rumination and 
immediate post-rumination periods occurred during inspiration shows that the 
precise coordination between NNS and respiration is robust in the adult sheep. 
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Conclusion 
In conclusion, the present results obtained in sheep show that, as compared to 
W and NREM sleep, REM sleep is characterized by the highest NNS frequency, 
especially for NNS bursts, and an increase in NNS beginning in expiration. 
Studies aiming at confirming that our findings obtained in lambs and adult sheep 
hold true in humans are ongoing in our laboratory. Our ultimate goal is to provide 
a full characterization of the perinatal and adult ovine model to study NNS 
abnormalities encountered in humans. 
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Article III 
THE IMPACT OF POSTURE AND GENDER ON NON-NUTRITIVE SWALLOWING-
BREATHING COORDINATION IN YOUNG HEALTHY ADULTS 
Samson N, Clapperton V, McFarland DH, Praud JP. Soumis pour publication a 
Respiratory Physiology & Neurobiology 
Resume 
Les deglutitions nutritives et non-nutritives (DNN) sont associees a de 
courtes pauses respiratoires chez tous les mammiferes, incluant I'humain. Ces 
pauses respiratoires surviennent habituellement durant I'expiration chez 
I'humain, tandis qu'elles surviennent preferentiellement durant I'inspiration chez 
la plupart des autres especes animales. Ces differences inter-especes sont 
probablement liees a la position corporelle de repos (bipede pour I'humain vs. 
quadrupede pour les autres mammiferes). Certaines evidences de la litterature 
suggerent que la position corporelle altere la coordination des deglutitions de 
bolus solides avec la respiration (McFarland DH et al, 1993), mais n'a aucun 
impact sur les deglutitions de bolus liquides (Shaker R et al, 1992). A notre 
connaissance, aucune etude n'a investigue I'impact de la position corporelle sur 
les DNN. Ainsi, I'objectif principal de cette etude etait d'identifier I'impact potentiel 
de trois postures experimentales (Assisse, Couchee et a 4 partes) sur la 
coordination des DNN avec la respiration chez de jeunes adultes sains. Dans un 
deuxieme temps, nous voulions egalement explorer I'impact potentiel du genre 
sur cette coordination. Ainsi, la coordination DNN - respiration a ete evalue chez 
douze adultes en sante (6 femmes et 6 hommes) dans chaque posture 
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experimental. Les resultats ont revele que la majorite des DNN sont precedees 
et suivies le plus souvent par une expiration et ceci peut importe la posture 
experimentale adoptee et le genre des participants. De plus, les DNN 
surviennent plus precocement a I'interieur du cycle respiratoire chez les hommes 
que chez les femmes et la posture n'a aucun effet sur la coordination DNN -
respiration. En conclusion, seulement le genre et non la posture influence la 
coordination DNN - respiration chez I'adulte humain. 
Contributions 
Pour cet article, j'ai participe a la majorite des etapes menant a sa redaction; 
incluant, les enregistrements (10 participants sur 12), I'analyse des donnees a 
75% et I'ecriture proprement dite (supervisee par mon directeur de recherche). 
Par contre, je n'ai pas personnellement participe aux recrutements des sujets. 
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Abstract 
Nutritive and non-nutritive swallowing (NNS) are associated with brief respiratory 
pauses in all mammals, including humans. These respiratory pauses occur 
usually during expiration in humans, whereas they occur preferentially during 
inspiration in most other animal species. Differences may be related to whole 
body posture while feeding, as humans tend to swallow upright while most other 
animals swallow on all fours. The available data suggest that posture impacts 
solid food bolus swallowing-breathing coordination (16) and not liquid-breathing 
synchrony (24), but spontaneously occurring non-nutritive swallows (NNS) have 
not been studied. Thus, the main goal of the present work was to investigate the 
impact of whole body posture (Sitting vs. Supine vs. All Fours) on NNS-breathing 
coordination in 12 young healthy adults. An additional aim was to look at the 
potential influence of gender and its interaction with posture on these 
coordinative relationships. Results of both analyses (categorical assessment and 
phase calculation) first revealed that NNS were most often preceded and 
followed by expiration regardless of whole body posture or gender. Secondly, no 
effect of whole body posture was observed on NNS-breathing coordination. 
Finally, there was an effect of gender with earlier occurrences of NNS within the 
breathing cycle in men as contrasted to women. 
Keywords: Non-nutritive swallowing - breathing coordination; posture; 
gender 
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Introduction 
Since the upper airway functions as a common passageway for swallowing and 
breathing, these functions must be precisely coordinated. An increasing body of 
research has begun to characterize this requisite swallowing-breathing 
coordination in both human (18, 24) and various other animal species (6, 20-22). 
Although the inhibition of breathing to accommodate swallowing is an important 
aspect of upper airway protection, the timing of this pause appears to differ 
dramatically between humans and other animal species. In humans swallowing 
upright, the majority (62% - 100%) of nutritive, solid (3, 14, 16, 27) and liquid 
swallows (7, 11, 17, 19, 23, 24, 27) occur during a pause during expiration. Non-
nutritive swallows (NNS) occurring spontaneously (19) show a similar 
coordinative pattern. Taken together, these data indicate a highly stable 
swallowing-breathing coordination in humans, which is largely independent of 
bolus type and nutritive/non-nutritive aspect. That coordination likely imparts both 
airway protective and other physiological advantages (3, 16). 
In contrast to these findings in humans swallowing upright, non-nutritive (6, 22) 
and nutritive swallows (15) in most other animal species on all fours interrupt 
inspiration. Potential explanations for these between species differences include 
whole body and/or head posture and differences in upper airway anatomy. To 
our knowledge, only the influence of whole body posture has been tested on 
nutritive swallowing-breathing coordination. Results from young adult males 
demonstrate that swallowing solid food boluses occurs earlier in expiration on all 
fours as compared to upright, suggesting some influence of whole body posture 
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on swallowing-breathing coordination (16). However, swallowing-breathing 
coordination of liquid boluses appears unaffected by whole body posture (24) but 
seems influenced by 60° reclining from vertical with 60° chin-tuck (1). Those 
seemingly discrepant results were an impetus for us to further explore the 
influence of whole body posture on swallowing-breathing coordination. 
To our knowledge no one has investigated the potential influence of whole body 
posture on spontaneously occurring NNS. The present investigation was thus 
designed to test the potential impact of three whole body postures (Sitting, 
Supine and All Fours) on NNS-breathing coordination in young healthy adults. A 
second objective was to explore the potential impact of gender. Indeed, while 
gender has been reported to have little or no effect on swallowing-breathing 
coordination (7, 12, 13), differences between males and females in upper airway 
dynamics and functioning could influence posture-related effects of swallowing-
breathing coordination. 
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Material and methods 
Participants 
Twelve adult volunteers (6 men and 6 women) aged between 19 and 27 years of 
age participated as experimental subjects after signing a consent form approved 
by the human ethics committee of the Clinical Research Center, Sherbrooke 
University Hospital. All were healthy individuals with no known history of asthma, 
nasal congestion, chronic cough, gastric reflux, snoring, allergies or upper airway 
surgery. Subjects were all non-smokers and had no known history of 
neurological, breathing or swallowing disorders. 
Measurement apparatus 
Breathing was recorded using respiratory inductance plethysmography 
(Respitrace®; Monitoring systems, Miami Beach, FL) and nasal pressure 
(Protech®). For respiratory inductance plethysmography, elastic bands 
(Respiband, Summit technologies, ON) were placed around the thorax at the 
level of the fourth thoracic vertebra and around the abdomen at the level of the 
umbilicus to record movements of the rib cage and abdomen, respectively. The 
non-calibrated sum signal of the respiratory inductive plethysmography provided 
a qualitative assessment of variations in lung volume together with precise timing 
of inspiration and expiration. In addition, the nasal pressure trace provided 
estimates of inspiratory and expiratory airflow. Pharyngeal pressure was 
monitored using a Medtronic® (Mississauga, ON), 6F/2 mm diameter catheter 
with a solid-state microtip pressure transducer. This catheter was introduced into 
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the nasopharynx just prior to the recording sessions and positioned in such a 
way that it consistently provided a marker of voluntary NNS. The catheter was 
then securely positioned with tape on the nose and cheek. All signals were 
recorded and analysed using a PC computer and a computerized acquisition 
device (MP150, Biopac Systems, Santa Barbara, CA) and software 
(Acknowledge 3.7.3, Biopac Systems Inc.). 
Design of the study 
Swallowing and respiration were recorded for a total of 4.5 hours in three 
experimental whole body postures: Sitting, Supine and All Fours. Participants 
stayed in each posture for 3 x 30 minutes, resulting in a total of 1.5 hours in each 
position. The order of these postures was randomized for each participant. A 
relatively long recording period was needed to insure a sufficient number of NNS 
per experimental position, as NNS in adult humans typically occur at a rate of 
approximately 1 per minute (24). For the Sitting posture, participants sat firmly 
against a rigid chair back at 90°. For the Supine posture, participants rested 
comfortably on their backs without any additional head support. For the All Fours 
posture, subjects were on their hands and knees on a padded mat with their back 
straight and head facing down (16). Subjects were allowed small postural 
adjustments to minimize fatigue. They were questioned throughout the 
experimental procedure and none indicated fatigue in any experimental posture, 
including All Fours. They watched documentaries played through a portable DVD 
to minimize boredom and distraction during the recording sessions, to ensure a 
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consistent audio-visual environment, and to minimize environmental distractions 
that may impact breathing (26). The orientation of the video screen was changed 
with each posture so that head and neck position remained in line with spinal 
angle. An observer was present throughout the recordings to note any events, 
such as extraneous movements, that might influence breathing or swallowing 
activity. 
Data analysis 
Non-nutritive swallowing frequency 
Characteristic increases in pharyngeal pressure combined with the interruption of 
nasal flow during the respiratory pause to accommodate swallowing were used to 
detect spontaneously occurring NNS (18). Two types of NNS swallows were 
observed: isolated and burst. A burst of NNS activity was defined as two or more 
swallows occurring within the same or the first successive breathing cycle. The 
numbers of isolated, burst and total NNS (isolated + burst) were calculated for 
each posture and in each subject. 
Swallowing-breathing coordination 
As the perturbing effects of swallowing on respiratory control and stability can be 
cumulative (15, 17, 18), analyses regarding NNS-breathing coordination were 
restricted to isolated swallows preceded and followed by at least two quiet 
breathing cycles without NNS. In order to provide a complete assessment of the 
NNS-breathing coordination and the potential impact of whole body posture and 
gender, two different but complementary analyses were performed. 
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NNS-breathing phase calculation 
The goal of this analysis was to provide a quantitative assessment of the timing 
(phase) of NNS within the breathing cycle. The non-calibrated sum signal of the 
respiratory inductive plethysmography was used for all measurements. This 
method has been described in detail elsewhere and will be only briefly described 
here (3, 14-16). The duration from the beginning of the co-occurring breathing 
cycle to NNS onset was measured. Because swallowing can perturb the co-
occurring cycle, this duration measure is expressed as a percentage of the total 
duration of the immediately preceding control cycle. In this way, phase is 
normalized to total control cycle duration, and NNS-breathing phase value may 
range from 0% to 100% with 0% being the beginning of inspiration of the control 
cycle and 100% being the end of expiration of the control breathing cycle. 
Swallows occurring during a prolongation of the NNS co-occurring cycle that go 
beyond control cycle duration, including during an expiratory pause (a common 
occurrence in adult humans swallowing upright, (14, 16), are classified as 100% 
+. 
Categorical assessment of NNS-breathing coordination 
For this categorical assessment analysis, NNS were characterized in terms of the 
breathing cycle events immediately preceding and following the inhibition of 
breathing to accommodate swallowing. Although the specifics of the categories 
differ between investigators, this method has been used extensively to 
characterize swallowing-breathing coordination in infant and adult, human and 
non-human animal species (12, 21, 24). In our previous analyses we have 
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employed four descriptive categories to describe NNS-breathing coordination 
(21): /-type NNS, where the breathing pause to accommodate NNS is preceded 
and followed by inspiration; /'e-type NNS, where NNS occurs at the transition 
from inspiration to expiration; e-type NNS, where NNS is preceded and followed 
by expiration and e/'-type NNS, where NNS occurs at the transition from 
expiration to inspiration. The non-calibrated sum signal of the respiratory 
inductive plethysmography supplemented by the nasal pressure signal were 
used to determine the portion of the breathing cycle in which swallowing occurred 
and to place each NNS in the above categories. 
Prolonged perturbations of breathing by NNS 
Because breathing is inhibited to accommodate swallowing, swallowing perturbs 
the co-occurring breathing cycle and subsequent cycles may be affected (14). 
Consequently, we measured the duration of the two subsequent breathing cycles 
to the NNS co-occurring cycle and these durations were compared to preceding 
(control cycle) durations to determine the potential perturbing effects of NNS. 
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Statistical analyses 
For descriptive statistics, measurements were first averaged for each participant 
and then averaged for both women and men as separate groups. For continuous 
variables, a general linear model, ANOVAs for repeated measures was 
completed. Statistical analyses were thus performed through the Proc GLM 
procedures of the SAS software (version 8.2, Cary, NC). For categorical 
variables, a generalized estimating equation (GEE), logistic regression for 
polytomous response data for repeated measures was completed using the 
procedure GENMOD of the SAS software. Data was tested as function of whole 
body posture and gender (factors). Validity of all models was confirmed by a 
normal distribution of all residuals. A value of p < 0.05 was considered as 
statistically significant. 
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Results 
Breathing frequency 
Breathing frequency was highly similar across whole body postures and between 
women (Sitting: 17 ± 2 h"1; Supine: 19 ± 2 h"1; All Fours: 18 ± 2 h"1) and men 
(Sitting: 16 ± 3 h"1; Supine: 17 ± 6 h"1; All Fours: 16 ± 4 h"1) and this was 
confirmed with an ANOVA for repeated measures (gender (F(1,10) = 0.94 p = 
0.4); whole body posture (F(2,20) = 1.72 p = 0.2; interaction between factors 
(F(2,20) = 0.64 p = 0.5)). 
NNS activity 
Total NNS activity (isolated NNS + burst of NNS) 
A total of 2830 (1557 for women vs. 1273 for men) spontaneous NNS were 
identified across participants; 994 for Sitting, 1020 for Supine and 816 for All 
Fours. The majority of NNS were isolated (91%) and 9% were burst of NNS. 
Total NNS activity (isolated NNS + NNS in burst) was similar across the whole 
body posture and between women (Sitting: 557; Supine: 531; All Fours: 469) and 
men (Sitting: 437; Supine: 489; All Fours: 347) as confirmed by the ANOVA 
(gender F(1,10) = 0.96 p = 0.4); whole body posture (F(2,20) = 1.07 p = 0.4); and 
interaction between both factors (F(2,20) = 0.18 p = 0.8)). 
Isolated NNS activity 
A total of 2568 isolated NNS (1462 for women vs. 1106 for men) were identified 
across participants; 896 for Sitting, 932 for Supine and 740 for All Fours. No 
significant differences in isolated NNS activity were found between males and 
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females (F(1,10) = 1.92 p = 0.2), between whole body posture (F(2,20) = 1.27 p 
= 0.3) and there were no significant interactions (F(2,20) = 0.22 p =0.8). 
Bursts of NNS activity 
A total of 262 NNS bursts (95 for women vs. 167 for men) were identified across 
participants: 98 for Sitting, 88 for Supine and 76 for All fours. Again, NNS burst 
frequency was not significantly influenced by either gender (F(1,10) = 1.74 p = 
0.2), whole body posture (F(2,20) = 0.18 p = 0.8) and there were no significant 
interactions (F(2,20) = 0.22 p = 0.8). 
NNS-breathing coordination 
From the 2568 isolated NNS identified, 20% were eliminated because of 
movement artefact or other extraneous factors, which precluded any further 
analysis. Because of additional requirements of non-perturbed breathing cycles 
preceding the co-occurring cycle (see Methods, NNS-breathing phase calculation 
), an additional 303 NNS were eliminated from further analysis, leaving 1740 
NNS (71% Sitting vs. 74% Supine vs. 57% All Fours). 
NNS-breathing phase calculation 
As can be seen in Figure 1 top graph, NNS occurred most frequently late in 
expiration across whole body postures (92% Sitting vs. 90% Supine vs. 92% All 
Fours). Mean breathing phase values in which NNS occurred (expressed as a 
percentage of control cycle duration) for each gender and posture are presented 
in Table 1. As illustrated in Table 1, mean breathing phase value for NNS was 
significantly lower in men than women (F(1,10) = 7.24 p = 0.02). 
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A. NNS-breathing phase calculation (top graph) represented by an event histograms showing the 
NNS-breathing phase values in which swallows occurred during the Sitting (A), Supine (B) and 
All Fours (C) posture for both women (left column) and men (right column). Data are collapsed 
across participants in 10% bins. The vertical line indicates the end of inspiration of control cycles 
(mean ± SD). 
B. Categorical assessment of NNS-breathing coordination (bottom graph) represented by the 
number of NNS in all four NNS-breathing types (/-type, NNS preceded and followed by 
inspiration; z'e-type, NNS at the transition from inspiration to expiration; e-type, NNS preceded 
and followed by expiration; and e/-type, NNS at the transition from expiration to inspiration for 
the Sitting (A), Supine (B) and All Fours (C) posture for women (left column) and men (right 
column). 
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Table 1: Within subject averages of the breathing phase at which swallowing 
occurred. 
Participants 
W1 
W2 
W3 
W4 
W5 
W6 
Women mean + SD 
M1 
M2 
M3 
M4 
M5 
M6 
Men mean + SD 
Sitting 
63 
96 
85 
81 
83 
91 
83+12 
62 
70 
64 
81 
77 
70 
71 ±8 
Supine 
54 
95 
82 
82 
79 
93 
81+15 
72 
63 
69 
71 
81 
63 
71+6 
All fours 
77 
97 
84 
82 
94 
93 
88+8 
58 
76 
81 
75 
65 
76 
71 ±8 
In other word, swallows occurred earlier in expiration in men as compared with 
women across whole body postures. No impact of whole body posture on NNS-
breathing coordination was observed (F(2,20) =1.01 p = 0.4), and there were no 
significant interactions (F(2,20) = 1.03 p = 0.4). 
Categorical assessment of NNS-breathing coordination 
Within subject and group averages for NNS-breathing categorical assessments 
are presented respectively in Table 2 and Figure 1 bottom graph. As can be 
seen, e-type NNS was the most frequently occurring NNS type. When collapsed 
across whole body posture, this NNS type represented 62% of all NNS for 
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women and 50% for men. NNS-breathing coordination differed significantly 
between women and men (x2 (1) = 4.7 p = 0.03). While rarely observed, the /-
type NNS was more frequent in men than women. Indeed, men have 3.33 (odds 
ratio) times higher odds of having a /-type NNS than women. Also, the /, ie and 
e/'-type NNS were more likely to be observed than the e-type NNS in men (odds 
= 1.3), whereas the contrary was observed in women (odds = 0.5). In other 
words, NNS occurred earlier in the breathing cycle in men as compared with 
women. No overall effect of whole body posture was observed on NNS-breathing 
coordination (x2 (2) = 0.47 p = 0.8), and there were no significant interaction (x2 
(2) = 5.87, p = 0.05). 
Prolonged breathing perturbation following NNS 
As summarized in Table 3, the perturbing effects of NNS on breathing cycle 
duration were comparable for both gender and whole body posture. NNS 
prolonged the NNS co-occurring breathing cycle for both women and men and 
for each whole body posture, but the two subsequent breathing cycles were not 
significantly impacted (see table 3). Indeed, post-hoc comparisons revealed 
significant differences between duration of NNS co-occurring cycle and the 
preceding (control cycle) and the two subsequent cycles only. Neither whole 
body posture nor gender influenced the duration of the control cycle, the NNS co-
occurring cycle and the two subsequent breathing cycles. 
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Discussion 
Statement of principal findings 
Our results extend previous studies by identifying the effects of three whole body 
postures (Sitting, Supine and All Fours) and gender on NNS-breathing 
coordination in healthy young adults. Two related analyses were performed to 
provide a relatively complete assessment of NNS-breathing coordination. Results 
indicated that NNS typically occur during expiration and were preceded and 
followed by expiratory airflow for all three whole body postures and for women 
and men. For both analyses, no effect of whole body posture was observed on 
NNS-breathing coordination, whereas an effect of gender was observed and 
characterized by an earlier occurrence of NNS within the breathing cycle for men 
as contrasted with women. Finally, no long term perturbing effects of NNS were 
observed on breathing control and stability, regardless of body posture or 
gender. 
NNS-breathing coordination 
Consistent with previous studies looking at the coordination of liquid (7, 11, 19, 
23, 27) and non-nutritive swallows (19) with breathing, our results indicated that 
NNS typically occur during expiration and most often preceded and followed by 
expiratory flow, regardless of the whole body posture adopted for both women 
and men. The e-type was thus associated with 62% of NNS in women and 50% 
of NNS in men. These results are consistent with those of an earlier investigation 
by Preiksaitis et al who found that 68% of NNS were of the e-type NNS in the 
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upright posture (19). Similarly, results of the NNS-breathing phase calculation 
analysis revealed that swallowing typically occurred during expiration and often 
during a prolongation of breathing beyond control cycle durations across whole 
body postures and gender. This is highly consistent with previous investigations 
of nutritive (14, 16) and non-nutritive swallowing (18) in both adult and human 
infants and other animal species (15). 
Impact of posture 
Whole body posture and swallowinq-breathing coordination in humans 
Our present results showing that whole body posture does not influence NNS-
breathing coordination are both consistent and complementary to previous data 
on the effect of posture on liquid swallowing-breathing coordination (24). On the 
contrary, when changing from a sitting to an all fours posture, swallows of solid 
food boluses occurred earlier in expiration in young adult males (16). Apparent 
discrepancies between results likely stem, at least in part, from significant 
differences in bolus characteristics such as volume, consistency and viscosity 
between solid food, liquids and saliva. Hence, as compared to small volume 
NNS, solid food bolus may put additional demands on swallowing-breathing 
coordination that might interact with gravitational forces acting on the food bolus 
in the different postures. In this regard, it would be interesting for future 
investigations to compare the impact of whole body posture on NNS, liquid and 
solid food boluses within the same experimental context. 
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Whole body posture and swallowing-breathing coordination in non-human 
mammals 
Our finding that NNS typically occurs in expiration across all whole body postures 
is in marked contrast to the non-human animal literature in which NNS typically 
has been observed to interrupt inspiration in adult goats (6), sheep (22) and 
rabbits (15). The present results do not support our original hypothesis that the 
feeding posture of these animals (typically on all fours) may be a determining 
factor in their NNS-breathing coordination. In addition to posture differences 
during feeding, there are other significant anatomical differences in upper airway 
form and function between humans and most animal species. One of the most 
important differences is the resting position of the non-primate larynx, which is 
high in the throat, just below the nasopharynx. This configuration brings the 
epiglottis in close proximity to the soft palate (8) and provides additional 
airway/food passage separation. It could be speculated that because of the 
degree of protection of the upper airway, most animal species do not need the 
additional airway and mechanical advantages that swallowing provides at end 
expiratory volumes (3, 16). However, it is interesting to note that in one previous 
study on NNS-breathing coordination in young infants, swallowing typically 
occurred in the late expiratory phase (18), similar to adult humans. Infant airways 
are highly similar to other animal species and change during development to 
approximate the adult form. This suggests that factors other than upper airway 
configuration may be at play in the inter-species differences. 
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Although non-human animals typically swallow on all fours, they vary head 
orientation relative to body posture while feeding. Infants and adult humans keep 
head angle relatively constant in relationship to spinal orientation. Consequently, 
head angle relative to body orientation may be an important additional variable 
impacting swallowing-breathing coordination. Indeed, changes in head angle (for 
example, chin tucks) are used as compensatory strategies to improve swallowing 
function in swallowing disordered individuals (2, 5, 9, 25). It would be interesting, 
therefore, to study the potential interaction between head inclination in 
relationship to changes in whole body position in humans (1), as they impact 
swallowing-breathing coordination. 
Impact of gender 
The effects of gender in the current investigation were characterized by an earlier 
occurrence of NNS within the breathing cycle for men as contrasted with women. 
Indeed, the NNS-breathing phase calculation analysis revealed a lower value in 
men than in women. Similarly, the categorical assessment analysis revealed that 
/-type NNS were more often observed in men. In contrast, e-type NNS were more 
often present in women when contrasted to the /', ie and e/-type NNS. Taken 
together, these data suggest that gender influences the timing of NNS within the 
breathing cycle. Previous investigations have found no effect of gender on 
swallowing-breathing coordination for liquid swallows (7, 12, 13). However, there 
were significant differences between these earlier studies in both the nature of 
the swallowed bolus and data analysis procedures. These conflicting findings 
motivate additional study of the potential impact of gender on swallowing-
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breathing coordination and its interaction with posture. Clearly, there are 
significant differences in upper airway anatomy, including laryngeal structure and 
pharyngeal dimension (4, 10), which could impact swallowing-breathing 
coordination and potentially interact with postural influences. 
Prolonged breathing perturbation following NNS 
In contrast to previous investigations studying solid food (14) and liquid (7) 
boluses, NNS did not significantly impact the duration of the two subsequent 
breathing cycles following the NNS co-occurring cycle. Similar results were 
observed for NNS in young infants during both wakefulness and sleep (18). It 
seems reasonable to suggest that the nature and/or volume of the food bolus 
influences both the duration of the breathing pause to accommodate swallowing 
and the long term impact on breathing control and stability. 
Conclusion 
In conclusion, the present study illustrates for the first time that NNS-breathing 
coordination differs between women and men, with an earlier occurrence of NNS 
in the breathing cycle for men. Furthermore, the three whole body postures 
tested did not influence NNS-breathing coordination in either women or men. 
Nevertheless, the majority of NNS occurred during expiration for both women 
and men and for all three whole body postures tested. 
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CHAPITRE III -DISCUSSION -
MECANISME(S) RESPONSABLE(S) DE L'INHIBITION DES DNN SUITE A L'APPLICATION 
D'UNE PRESSION POSITIVE CONTINUE CONTINUE NAS ALE EN SOMMEIL CALME CHEZ 
L'AGNEAU NOUVEAU-NE 
La premiere originate de taille dans cette premiere etude a trait a la mise 
au point et a I'utilisation de deux modeles experimentaux animaux uniques, 
n'ayant jamais ete utilises auparavant dans tout autre etude de recherche. Selon 
une revue recente (Bailey et al., 2006), il persiste de nombreuses lacunes dans 
nos connaissances sur la modulation des muscles des VAS par des reflexes 
prenant naissance au niveau des afferences bronchopulmonaires. Suite a cette 
constatation et dans I'esprit d'identifier le(s) mecanisme(s) reflexe(s) 
responsable(s) de I'effet inhibiteur de la CPAP sur les DNN, nous avons 
specifiquement developpe deux modeles animaux uniques, afin d'etudier les 
effets des recepteurs des VAS vs. bronchopulmonaires sur la regulation des 
fonctions des VAS. II s'agit 1) du modele de separation chronique entre les voies 
aeriennes superieures et inferieures (modele de VAS isolees), et 2) du modele 
de vagotomie bilaterale differee par videochirurgie thoracique. 
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Modele de voies aeriennes superieures isolees 
Pour ce premier modele, nous avons developpe une preparation animale 
ayant subi une separation chronique entre les VAS et les voies aeriennes 
inferieures (VAI), avec I'aide du chirurgien ORL Dominique Dorion qui a une 
grande expertise au niveau de la reconstruction des VAS. 
Lors de notre preparation animale initiale, la separation chronique entre 
les VAS et les VAI s'effectuait entre le cartilage cricoTdien du larynx et le premier 
anneau tracheal. Le larynx etait par la suite fixe a un lambeau de peau, tandis 
que la trachee etait suturee a la peau sous forme d'une tracheostomie. Suite a 
quelques essais, nous avons realise que cette preparation animale presentait 
plusieurs limitations qui nous empecheraient d'exploiter les resultats de facon 
convenable. En effet, nous avons realise que la fixation du larynx a un lambeau 
de peau limitait tres certainement les mouvements d'elevation du larynx lors 
d'une DNN, venant ainsi nuire a cette fonction physiologique objet de I'etude. De 
plus, I'entretien efficace de la tracheostomie s'est avere tres difficile, I'orifice de 
tracheostomie ayant tendance a etre bouche par des secretions respiratoires, 
voire meme a se refermer malgre des soins pluriquotidiens. De ce fait, plusieurs 
modifications ont ete apportees a cette preparation animale pour limiter les effets 
indesirables sur les DNN et reduire au maximum le risque d'inconfort animal. 
Deux modifications chirurgicales importantes ont ete realisees sur cette 
premiere preparation animale, avant I'obtention d'un modele adequat pour 
I'etude des DNN. Tout d'abord, la fixation du larynx a la peau se fait maintenant 
via une prothese de dacron souple et facilement etirable (prothese aortique) de 
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2-3 cm de long. Cette premiere manipulation permet de reduire la limitation des 
mouvements d'elevation du larynx lors des DNN. De plus, un tube en 
polyethylene de 0.9 cm de diametre et long de 3 cm est maintenant suture et 
colle autour de la tracheostomie, laissant I'interieur de la trachee libre de toute 
instrumentation (Lemaire et al., 1999). Cette deuxieme modification chirurgicale 
reduit considerablement les effets indesirables mentionnes ci-dessus lorsque la 
tracheostomie etait directement suturee a la peau. Ce modele animal devient 
ainsi pertinent a I'etude physiologique des DNN, puisque nos observations 
cliniques ont demontre que I'alimentation au biberon de ces agneaux est 
identique a celle des agneaux ayant les voies respiratoires intacts, avec absence 
d'hypersecretion. De plus, la frequence des DNN (nombre de DNN / heure) en 
condition controle n'est pas significativement differente de celle observee chez 
les agneaux controles n'ayant subi aucune intervention au niveau des voies 
aeriennes (Samson et al., 2008). 
Les agneaux de ce modele experimental sont ainsi assujettis a plusieurs 
soins quotidiens qui sont relies a leur respiration permanente par leur 
tracheostomie. En effet, ces agneaux sont heberges dans un caisson de 
Plexiglas a travers duquel circule continuellement de I'air sature en eau. De plus, 
en accord avec les recommandations de «l'American Thoracic Society» sur le 
soin a apporter aux patients porteurs de tracheotomie, les secretions tracheales 
sont systematiquement aspirees au moins 3 fois par jour (Sherman et al., 2000). 
Au-dela de mon projet doctoral, la creation de ce modele nous offre la possibility 
d'explorer les origines d'une variete de fonctions des VAS en periode neonatale, 
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incluant I'etude des chemoreflexes larynges (St-Hilaire et al., 2005) et de la 
reponse laryngee a I'administration d'une ventilation nasale (Roy et al., 2008). 
Cette demiere etude a d'ailleurs ete realisee et est maintenant publiee. 
Modele de vagotomie bilaterale differee par video-thoracoscopie 
Dans le domaine de la recherche respiratoire, I'utilisation d'animaux ayant 
subi une vagotomie bilaterale remonte jusqu'au debut des annees 60 
(COLEBATCH et al., 1963). Ce modele a ainsi ete grandement exploite afin 
d'identifier I'effet du controle vagal sur la mecanique respiratoire (Clement et al., 
1986; COLEBATCH et al., 1963; Mortola et al., 1984; Rossi et al., 1987). Jusqu'a 
present, deux techniques de vagotomie bilaterale, reversible vs irreversible, ont 
ete documentees. La technique reversible consiste a refroidir les nerves vagues 
sous 7°C afin de les inactiver (Jonzon et al., 1988; Sagara et al., 1988), tandis 
que la technique irreversible consiste tout simplement a sectionner les deux 
nerfs vagues sous visualisation directe (Clement et al., 1986; COLEBATCH et 
al., 1963; Mortola et al., 1984; Rossi et al., 1987). 
Ainsi, dans le cadre de cette premiere etude, nous avons specifiquement 
developpe une preparation animale ayant subi une vagotomie bilaterale differee 
par videochirugie thoracique, avec I'aide du chirurgien pediatrique Alain Ouimet 
qui a une grande expertise au niveau de la chirurgie thoracique video-assistee 
(CTVA). Cette technique chirurgicale, tant thoracique qu'abdominale est utilisee 
depuis quelques annees chez plusieurs especes animales, incluant le singe 
(Bohm et al., 2000), la chevre (Newton et al., 2003), les chevaux (Klohnen et al., 
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2000), les cochons (Bozkus et al., 2005), les chiens (Gonzalez-Zamora et al., 
2005) et les lapins (Marecos et al., 2006), afin d'y developper des procedures 
chirurgicales applicables a I'humain. L'originalite de notre modele ovin est liee au 
fait que nous avons realise cette procedure chirurgicale des les premiers jours de 
vie de I'animal, malgre un contexte de pneumothorax sous tension avec un 
foramen ovale ouvert, un canal arteriel patent et un risque de retour en 
circulation fcetale, et que nous avons utilise cette technique pour la premiere fois 
pour realiser une bivagotomie intrathoracique. 
Brievement, la CTVA consiste a effectuer au travers de courtes incisions 
thoraciques la procedure chirurgicale specifique, grace a I'aide d'un 
thoracoscope branche sur une video-camera. Notre objectif chirurgical etait ainsi 
de visualiser, dissequer et isoler les nerfs vagues droit et gauche dans leur 
portion thoracique. Un fil metallique etait par la suite place autour de chaque 
nerf, sous I'origine des nerfs larynges recurrents afin de conserver innervation 
des muscles larynges intacte. La vagotomie bilaterale s'effectuait en differee au 
troisieme jour post-operatoire, chez des agneaux non anesthesies, en appliquant 
un courant electrique sur chaque fil metallique (Samson et al., 2008). Cette 
preparation animate a ete egalement validee pour I'etude physiologique des 
DNN, tout comme le modele de separation chronique des VAS des VAI, en 
identifiant aucune anomalie clinique lors de l'alimentation et aucune difference 
significative au niveau de la frequence basale des DNN suite a la vagotomie 
bilaterale (Samson et al., 2008). De plus, depuis de nombreuses annees, il a ete 
tres bien documente qu'une vagotomie bilaterale est a I'origine d'une depression 
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respiratoire caracterisee principalement par une diminution de la frequence 
respiratoire suite a la vagotomie (Clement et al., 1986; Mortola et al., 1984; Rossi 
et al., 1987). Comme documente, nous avons observe une diminution de la 
frequence respiratoire (de 10 respirations / minute) suite a la vagotomie bilaterale 
de notre preparation animale, validant ainsi notre procedure chirurgicale. Enfin, 
la vagotomie etait systematiquement confirmee de visu durant la necropsie suite 
a I'euthanasie. 
Ce modele animal de vagotomie bilaterale differee par videochirurgie 
thoracique procure de nombreux avantages, tant au niveau chirurgical 
qu'ethique, par rapport aux modeles decrits ci-dessus. En effet, la CTVA, 
procedure ambitieuse du point de vue chirurgical et anesthesique en periode 
neonatale, est beaucoup moins agressive qu'une thoracotomie conventionnelle. 
Cette procedure chirurgicale est ainsi mieux toleree par les animaux et la 
recuperation post-operatoire est plus efficace puisque les agneaux ont leurs 
deux nerfs vagues «intacts» (c'est-a-dire instruments mais non sectionnes). De 
point de vue ethique, la videochirurgie thoracique est beaucoup mieux toleree en 
postoperatoire que la thoracotomie standard, en raison d'une diminution 
importante de la douleur. De plus, les animaux sont leur propre controle et Ton 
peut ainsi reduire le nombre d'animaux utilises pour un protocole de recherche 
specifique. 
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Mecanisme(s) responsable(s) de 1'inhibition des DNN durant le SC 
Effete sur la frequence des DNN 
Les resultats de cette premiere etude montrent que I'administration d'une 
CPAP de 6 cmH20 directement sur les VAI (sous-glottiques) inhibe les DNN 
durant le SC. Cette inhibition des DNN est par contre prevenue suite a 
I'elimination d'une grande proportion des messages afferents vagaux, en 
provenance des recepteurs bronchopulmonaires, par la vagotomie bilaterale. 
Outre cet effet inhibiteur des recepteurs bronchopulmonaires observe chez tous 
les agneaux de I'etude, les resultats obtenus avec notre modele de separation 
chronique entre les VAS et VAI ont revele que les recepteurs des VAS etaient 
capables par eux-memes d'inhiber les DNN durant le SC. 
Implication des recepteurs bronchopulmonaires 
Les resultats obtenus avec cette premiere etude et rapportes ci-dessus, 
revelent clairement que les recepteurs bronchopulmonaires (a adaptation lente 
(SAR), a adaptation rapide (RAR) et/ou terminaisons nerveuses des fibres C) 
participent a I'effet inhibiteur de la CPAP sur les DNN durant le SC chez I'agneau 
nouveau-ne. Comme I'administration d'une CPAP est associee a une inflation 
continuelle des poumons a pression transmural constante, les RAR et les 
terminaisons nerveuses des fibres C ne sont probablement pas stimules par une 
CPAP (Bailey et al., 2006), de part leur mecanisme d'action. Ainsi, I'effet 
inhibiteur de la CPAP sur les DNN est probablement medie par la stimulation des 
SAR par la distension pulmonaire continue. En faveur de cette hypothese, 
I'equipe de Kijima a montre que I'inflation continuelle des poumons, par 
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I'application d'une pression negative extra-thoracique, inhibe les deglutitions 
induites par un bolus d'eau chez I'humain eveille (Kijima et al., 2000). Par 
ailleurs, nous avons rapporte que la CPAP inhibe les DNN seulement pendant le 
SC et non durant le sommeil REM (Samson et al., 2005). Or, il est bien etabli 
que le sommeil REM est associe a une inhibition importante des reflexes vagaux, 
notamment le reflexe de Hering-Breuer (Phillipson et al.,1976). Par consequent, 
I'absence d'effet inhibiteur significatif de la CPAP sur les DNN durant le sommeil 
REM est tres consistent avec cette inhibition importante des afferences vagales 
durant le REM et supporte ainsi I'hypothese que les afferences vagales (type 
SAR) jouent un role dans I'inhibition des DNN induite par la CPAP nasale. 
Afin de tenter de discerner clairement la contribution des SAR dans I'effet 
inhibiteur de la CPAP sur les DNN, par rapport aux autres recepteurs 
bronchopulmonaires, I'administration de dioxyde de soufre (SO2) chez notre 
modele ovin serait une alternative interessante. En effet, I'inhalation de forte 
concentration de SO2 bloque de facon selective et reversible I'activite des SAR et 
conserve intact I'activite des RAR chez le lapin adulte (Davies et al., 1978; 
Davies et al., 1981; Mortola et al., 1984). Cependant, un tel blocage n'est pas 
observe chez les chats (Bartlett et al., 1981), les chiens (Sant'Ambrogio et al., 
1984; Sant'Ambrogio et al., 2001) et chez les lapins nouveau-nes (Mortola et al., 
1984). A ma connaissance, de telles donnees ne sont pas disponibles chez le 
modele ovin. II serait done indispensable dans un premier temps d'identifier si 
I'effet du SO2 sur I'activite des SAR se retrouve egalement chez I'agneau 
nouveau-ne. Ceci serait par consequent possible en effectuant une courbe dose-
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reponse de I'activite des SAR suite a I'administration de doses croissantes de 
SO2, via une tracheostomie. L'activite des SAR serait evaluee via le reflexe de 
Hering-Breuer (reflexe de distension pulmonaire destine a inhiber I'activite des 
muscles inspiratoires et stimuler I'activite des muscles expiratoires lorsque les 
poumons sont distendus), qui serait inhibe suite au blocage selectif et reversible 
de I'activite des SAR par le SO2. Ainsi, si cet effet du S02 sur les SAR s'avere 
fonctionnel chez I'agneau nouveau-ne, un second protocole experimental 
permettrait d'etudier la participation specifique des SAR dans I'effet inhibiteur de 
la CPAP sur les DNN. Le protocole experimental suggere serait d'administrer 
une CPAP nasale a un groupe de 6 agneaux avant (controle) et pendant 
I'administration continue d'une forte concentration de SO2, determinee par la 
courbe dose-reponse. Si la frequence des DNN n'est plus inhibee par la CPAP 
nasale suite a I'administration continue de SO2, ce resultat nous indiquerait que 
les SAR sont vraiment impliques dans cet effet inhibiteur de la CPAP sur les 
DNN. 
Implication des recepteurs des voies aeriennes superieures 
Theoriquement, I'inhibition des DNN par la CPAP nasale peut etre induite 
par la stimulation de I'un ou I'autre des mecanorecepteurs (temperature, debit 
et/ou pression) des VAS et tres peu probablement par les chemorecepteurs et 
les terminaisons nerveuses des fibres C. Comme Fair administre par notre CPAP 
est rechauffe a la temperature corporelle de I'agneau et a debit constant, I'effet 
inhibiteur de la CPAP, sur les VAS, est tres certainement medie par la 
stimulation des mecanorecepteurs sensibles a la pression positive. De facon 
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interessante, il a ete demontre que I'application directe d'une CPAP sur les 
larynx isoles de cochonnets augmentait I'activite du muscle constricteur larynge 
thyroarytenoidien (Stella et al., 2001), supportant nos resultats que les 
recepteurs des VAS peuvent inhiber les DNN par eux-memes. 
Ainsi, les resultats obtenus avec notre modele de separation chronique 
entre les VAS et VAI ont mis en evidence, dans ce modele exclusivement, que 
inhibition des DNN par la CPAP nasale semble etre mediee autant par les 
recepteurs des VAS que par les recepteurs bronchopulmonaires. Cependant, 
nous ne pouvons pas expliquer de facon satisfaisante que I'effet inhibiteur de la 
CPAP sur les VAS ne soit pas retrouve dans toutes nos conditions 
experimentales, a I'inverse de I'effet sur les VAI. Une explication pourrait etre 
que I'electrocution differee du nerf vague aurait atteint la fonction des nerfs 
larynges superieurs (NLS). Plusieurs arguments nous laissent croire qu'il n'y a 
pas eu d'atteinte au niveau des NLS, puisque son activite motrice ainsi que 
sensitive n'a pas ete perturbee suite a ces manoeuvres. En effet, nous avons 
demontre, dans une etude conjointe, que I'activite motrice du muscle crico-
thyro'idien (muscle larynge dont I'activite motrice est innervee par le NLS) etait 
identique avant et apres vagotomie bilaterale (Roy et al., 2008). De plus, la 
frequence des DNN apres vagotomie bilaterale et sous CPAP nasale est 
identique aux conditions controles nous laissant croire qu'il n'y a pas eu 
d'atteinte au niveau de I'activite sensitive du NLS. Enfin, I'absence d'atteinte de 
la fonction du nerf recurrent larynge (absence d'anomalie EMG du muscle 
thyroarytenoTdien enregistre dans cette etude apres electrocution), qui prend 
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naissance tout pres du site d'electrocution, est un autre argument solide pour 
penser qu'il n'y a pas eu d'atteinte fonctionnelle des branches du nerf vague. 
Pour confirmer la participation des recepteurs des VAS dans I'effet 
inhibiteur de la CPAP sur les DNN, un second protocole experimental serait 
interessant a realiser chez notre modele animal de separation chronique entre 
les VAS et les VAI. Comme Innervation sensitive du larynx est assuree par la 
branche interne du nerf larynge superieur (Sant'Ambrogio et al., 1995), une 
section complete de ce nerf, de part et d'autre du larynx, supprimerait toutes les 
afferences en provenance des recepteurs des VAS. Ainsi, une avenue de 
recherche interessante a exploiter serait d'appliquer une CPAP directement sur 
les VAS de notre modele animal de separation chronique entre les VAS et les 
VAI avant et apres section bilaterale de la branche interne du nerf larynge 
superieur (Fortier et al., 2003). 
Effets sur la coordination DNN et respiration 
Cette premiere etude a revele que la CPAP ne perturbe pas la 
coordination DNN et respiration chez tous nos modeles experimentaux. En effet, 
les resultats obtenus confirment nos resultats anterieurs (Reix et al., 2003; 
Samson et al., 2005) que les DNN inspiratoires sont plus frequentes que les 
DNN expiratoires chez I'agneau nouveau-ne, et ceci dans toutes les conditions 
experimentales testees. De facon interessante, nous avons egalement identifie 
une absence d'alterations au niveau de la coordination DNN et respiration suite a 
une vagotomie bilaterale. Ce resultat suggere done que les afferences vagales 
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bronchopulmonaires ne sont pas essentielles a la coordination parfaite entre 
DNN et respiration chez le nouveau-ne. Ce dernier resultat enrichi nos 
connaissances actuelles sur la participation du nerf vague dans la regulation de 
la respiration et de la deglutition. 
Influence afferences bronchopulmonaires sur le controle de la deglutition 
Les resultats obtenus avec ces deux modeles animaux fournissent ce qui 
semble etre I'argument le plus fort de influence des afferences 
bronchopulmonaires sur le controle de la deglutition. A la lumiere de ces 
resultats, nous pouvons done speculer que les afferences bronchopulmonaires 
exercent un role predominant sur la frequence basale des DNN, et ceci tres 
certainement via un effet «tonique» inhibiteur, qui serait amplifier par I'application 
d'une CPAP nasale. A I'inverse, les afferences bronchopulmonaires ne semblent 
pas essentielle a la coordination des DNN avec la respiration, du moins chez le 
nouveau-ne, nous laissant croire que la coordination de ces deux phenomenes 
physiologiques est bien etablie au niveau centrale des la naissance et robuste a 
plusieurs conditions et stimulus externes tels que la prematurite (Reix et al., 
2004), la maturation et la rumination (Roberge et al., 2007), la ventilation nasale 
(Samson et al., 2005) et I'hypoxie (Duvareille et al., 2007). 
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COORDINATION DNN ETRESPIRATION CHEZ L'OVIN ADULTE EN FONCTION DES STADES DE 
CONSCIENCE 
Tres peu d'etudes se sont interessees a caracteriser I'effet des stades de 
conscience sur la frequence des DNN, plus particulierement chez I'adulte. De 
plus, une seule etude longitudinale (Kelly et al., 2007) a decrit 1'evolution de la 
coordination des deglutitions nutritives avec la respiration au cours du 
developpement chez I'humain de la naissance a un an. Ainsi suite a ces 
constatations, les objectifs de cette deuxieme etude etaient de verifier si la 
coordination DNN - respiration chez la brebis adulte est differente de celle 
identifier chez I'agneau nouveau-ne, et de caracteriser I'effet des stades de 
conscience sur la frequence des DNN chez I'ovin adulte. 
Regulation des deglutitions non-nutritives chez I'ovin adulte 
Effet des stades de conscience sur la frequence des DNN 
Des la vie foetale les stades de conscience ont une influence sur la 
frequence des deglutitions. En effet, Nijland et al. ont note une frequence plus 
elevee des deglutitions lors d'une activite electroencephalographique de faible 
amplitude et de haute frequence assimilable au sommeil REM chez I'agneau 
fcetal (Nijland et al., 1997). Cette frequence plus elevee des deglutitions en 
sommeil REM a egalement ete observee pour les DNN chez les agneaux 
prematures et nes a terme (Reix et al., 2003; Reix et al., 2004) et chez le 
nourrisson humain, lors de I'instillation pharyngee de serum salin isotonique 
(Jeffery et al., 2000; Page et al., 1998). A ma connaissance, I'effet des stades de 
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conscience n'a jamais ete evalue chez le mammifere adulte, a I'exception des 
travaux de Litcher et al. qui ont identifie une frequence plus elevee des DNN 
durant le sommeil REM vs. le sommeil non-REM chez I'homme adulte (Lichter et 
al., 1975). Ainsi, les resultats de cette deuxieme etude ont permis de mettre en 
evidence que la frequence des DNN chez la brebis adulte est a sa valeur la plus 
elevee durant le sommeil REM, tout comme chez I'agneau fcetal, premature et 
ne a terme. Tous ces resultats indiquent clairement que la faible incidence des 
DNN durant le sommeil non-REM persiste au cours du developpement chez 
I'ovin. La raison de cette augmentation de la frequence des DNN durant le 
sommeil REM n'est pas encore connue. Selon une etude realisee chez I'humain 
adulte, la secretion salivaire ne semble pas etre plus importante durant le 
sommeil REM que le sommeil non-REM (Gemba et al., 1996). On peut ainsi 
supposer que tout comme pour la respiration, le sommeil REM modifie la 
programmation du CPG de la deglutition. En effet, la respiration est plus rapide 
et irreguliere au cours du sommeil REM (Rosen et al, 2000). Ainsi de part leur 
proximite anatomique, il n'est pas surprenant que les CPG de la respiration et de 
la deglutition subissent des effets similaires en provenance des systemes 
neuronaux impliques dans le controle des differents stades de conscience. La 
diminution du tonus inhibiteur vagal sur les DNN en REM evoquee dans la 
discussion de I'etude precedente est aussi potentiellement en cause. Quelle que 
soit la cause pour de cette frequence plus elevee des DNN en sommeil REM, les 
relations entre DNN et stades de conscience semblent etre similaires chez 
I'humain et I'ovin, peu importe la maturation. 
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A notre surprise, cette deuxieme etude a mis en evidence que la 
frequence des DNN durant le sommeil non-REM chez la brebis adulte est 2 a 3 
fois plus elevee que celle observee chez les agneaux prematures et nes a terme 
(Reix et al., 2003; Reix et al., 2004), ce qui est contradictoire aux resultats 
anterieurs obtenus chez I'humain (Jeffery et al., 2000; Thach et al., 1985). De 
telles divergences sont potentiellement reliees a la maturation postnatale de la 
rumination chez les ovins durant le premier mois de vie, qui serait ainsi 
responsable d'une augmentation de la fonction de deglutition. Par ailleurs, la 
frequence des DNN obtenue a I'eveil avec la presente etude est du meme ordre 
que celle documentee chez des chevres adultes en eveil respirant spontanement 
a travers une tracheostomie (Feroah et al., 2002). 
Coordination DNN et respiration 
Dans les 10 dernieres annees, de nombreuses etudes se sont interessees 
a caracteriser la coordination des deglutitions avec la respiration chez les adultes 
humains et animaux. Les resultats de ces etudes ont ete obtenus pour I'eveil 
seulement et le plus souvent lors de deglutitions nutritives ou induites par des 
bolus d'eau. En realite tres peu d'etudes, a I'exception de deux (Feroah et al., 
2002; Preiksaitis et al., 1992), ne se sont interessees aux DNN de I'adulte, nous 
empechant ainsi d'avoir une idee precise de cette coordination chez les 
mammiferes adultes. De plus, les techniques utilisees pour obtenir les 
deglutitions (induites par bolus d'eau vs. stimulation nerf larynge superieur vs. 
nutritives vs. spontanees) et I'etat de vigilance (eveil vs. sommeil vs. anesthesie) 
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varient enormement selon les protocoles, introduisant un biais supplemental 
d'interpretation. 
La revue de la litterature montre, qu'une grande proportion (62% a 100%) 
des deglutitions nutritives de bolus solides (Charbonneau et al., 2005; McFarland 
et al., 1994; McFarland et al., 1995; Smith et al., 1989) ou liquides (Hiss et al., 
2001; Martin et al., 1994; Preiksaitis et al., 1992; Selley et al., 1989; Smith et al., 
1989) chez I'adulte humain sain sont immediatement precedees et suivies par 
une expiration. Par ailleurs, la plupart des deglutitions induites par un bolus d'eau 
surviennent egalement durant I'expiration, meme quand le moment d'instillation 
du bolus est randomise dans le cycle respiratoire (Nishino et al., 1985; Shaker et 
al., 1992). De plus, Preiksaitis et al. ont observe que 68% des deglutitions non-
nutritives spontanees etaient precedees et suivies par une expiration (Preiksaitis 
et al., 1992). En bref, la litterature actuelle portant sur les deglutitions nutritives, 
induites et les deglutitions non-nutritives induites ou spontanees suggere 
fortement que la majorite des deglutitions surviennent durant I'expiration chez 
I'homme adulte. Au contraire, chez plusieurs especes animales adultes (chevres, 
lapins, chien et singe), les deglutitions non-nutritives (Feroah et al., 2002), 
nutritives (McFarland et al., 1993) et declenchees par stimulation du nerf larynge 
superieur (DOTY et al., 1956; KAWASAKI et al., 1964) surviennent 
preferentiellement durant I'inspiration. Deux hypotheses peuvent expliquer ces 
differences chez les adultes animaux et humains a I'age adulte : 1) la maturation 
de la coordination deglutition - respiration observee au cours du developpement 
postnatal chez I'humain (Kelly et al., 2007) n'est pas observe chez les animaux, 
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c'est I'hypothese testee par cette deuxieme etude; 2) I'influence de la posture 
corporelle (bipede vs. quadrupede, c'est hypothese testee par la troisieme etude. 
En effet, les resultats de cette etude longitudinale de Kelly et al. suggerent 
que le patron de coordination des deglutitions nutritives avec la respiration 
change au cours de la premiere annee de vie d'un nouveau-ne humain et que 
cette maturation n'entratne aucun compromis respiratoire ou nutritionnel (Kelly et 
al., 2007). De plus, une revue personnelle recente de la litterature sur les 
deglutitions nutritives (Samson N. Memoire d'examen predoctoral, Departement 
de physiologie, Universite de Sherbrooke, Juin 2007) m'a permis de mettre en 
evidence que la coordination deglutitions nutritives - respiration subit deux 
etapes de maturation chez I'humain au cours du developpement postnatal. En 
bref, les deglutitions surviennent frequemment durant une apnee chez les 
prematures de moins de 35 semaines de gestation (Lau et al., 2003; Mizuno et 
al., 2003), mais plutot a la transition entre I'inspiration et I'expiration chez I'enfant 
ne a terme (Bamford et al., 1992; Gewolb et al., 2006; Lau et al., 2003; Selley et 
al., 1986). Par ailleurs, cette proportion importante de deglutitions de type ie chez 
I'enfant ne a terme diminue avec le developpement postnatal afin d'etre 
remplace par des deglutitions de type expiratoire (Martin et al., 1994; Nishino et 
al., 1985; Selley et al., 1989; Shaker et al., 1992; Smith et al., 1989). Ainsi, une 
maturation de la coordination deglutition - respiration a ete observe chez 
I'humain et nous voulions verifier, avec cette deuxieme etude, si cette maturation 
s'observe egalement pour les DNN chez notre modele ovin dans des conditions 
experimentales standardises. 
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Les resultats de cette deuxieme etude ont revele chez la brebis adulte 
que, peut importe le stade de conscience (eveil, sommeil non-REM et REM), les 
DNN sont preferentiellement precedees et suivies par une inspiration et les 
deglutitions de type ee sont les moins frequentes. Nos resultats obtenus en eveil 
sont ainsi en accord avec les observations faites chez la chevre adulte (Feroah 
et al., 2002) et sont identiques a ceux que nous avons documentes chez 
I'agneau premature et ne a terme (Reix et al., 2003; Reix et al., 2004). Comme 
les experimentations chez les brebis et les agneaux ont ete effectuees dans les 
memes conditions et dans le meme laboratoire, il est possible de suggerer que la 
coordination DNN - respiration chez I'ovin ne subit pas de maturation au cours 
du developpement postnatal et que cette coordination est tres certainement 
etablie tres tot dans la vie, contrairement aux deglutitions nutritives chez 
I'humain. 
Effet de la rumination 
L'une des particularites de notre modele ovin adulte est la presence de 
plusieurs periodes de rumination, qui pourrait alterer significativement la 
coordination DNN - respiration. Grace a cette etude, nous avons identifie que les 
DNN inspiratoires sont toujours predominantes, malgre la presence de 
rumination. Cette observation montre ainsi que la coordination precise des DNN 
avec la respiration est robuste chez la brebis adulte. 
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EFFET DE LA POSTURE ET DU GENRE SUR LA COORDINATION DNN - RESPIRATION CHEZ 
LES JEUNES ADULTES EN SANTE 
L'exploration de I'impact des changements posturaux sur la coordination 
deglutition - respiration a des implications cliniques directes, puisque les 
changements posturaux de la tete et du cou sont des approches therapeutiques 
frequemment utilisees chez des patients avec dysphagies, afin de faciliter le 
transport des aliments et la protection des voies aeriennes inferieures (Buchholz 
et al., 1985; Ekberg, 1986; Logemann et al., 1994; Shanahan et al., 1993). Ce 
qui demeure encore nebuleux, par contre, est si ces alterations posturales 
interferent avec la coordination deglutition - respiration basale, un facteur 
potentiellement important au niveau de la protection des voies aeriennes 
inferieures. Ce projet a permis d'evaluer la coordination DNN - respiration en 
fonction de trois postures experimentales (Assisse, Couchee et a 4 pattes) et du 
genre des participants, par deux types d'analyse complementaires (classification 
par type (descriptive) et par calcul de phase (quantitative)). 
Coordination DNN - respiration chez I'humain adulte 
En accord avec les etudes anterieures ayant evalue la coordination des 
deglutitions de bolus liquides (Hiss et al., 2001; Martin et al., 1994; Preiksaitis et 
al., 1992; Selley et al., 1989; Smith et al., 1989) et des DNN (Preiksaitis et al., 
1992) avec la respiration, les resultats de cette troisieme etude ont permis 
d'identifier que les DNN sont precedees et suivies par une expiration, quelle que 
soit la posture experimental (Assise, Couchee, et a 4 pattes) adoptee et le 
genre des participants. En effet, les resultats detailles de cette etude ont revele 
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que les DNN de type e representaient 62% des DNN totales chez la femme et 
50% chez I'homme pour I'ensemble des positions. Ces resultats sont done 
coherents avec ceux d'une investigation anterieure montrant que 68% des DNN 
etaient de type e chez I'adulte en position assisse (Preiksaitis et al., 1992). 
Effet de la posture 
Posture et coordination deglutition - respiration chez I'humain 
Les donnees de la litterature revelent que la posture a un impact sur la 
coordination des deglutitions de bolus solides (McFarland et al., 1994), mais 
aucun impact sur celle des bolus liquides (Shaker et al., 1992). Les resultats de 
notre troisieme etude, ont ainsi mis en evidence que les postures experimentales 
testees (Assise, Couchee et a 4 partes) n'ont aucun effet sur la frequence 
basale des DNN et sur leur coordination avec la respiration chez de jeunes 
adultes en sante. Ces resultats sont done coherents et complementaires avec 
I'etude de Shaker R et al., qui a identifie aucun effet de la posture (Assisse vs 
Couchee) sur la coordination des deglutitions de bolus liquide avec la respiration. 
Au contraire, I'etude de McFarland DH et al. a observe que le patron de 
coordination de deglutitions nutritives (bolus solides) avec la respiration est 
modifie lors du passage de la position assisse a la position a 4 pattes et, est 
caracterise par une survenue plus hatives des deglutitions nutritives dans 
I'expiration lorsque les sujets sont a 4 pattes. Les divergences observees, entre 
les resultats de cette derniere etude et nos propres resultats, sont tres 
certainement attribuables, en partie du moins, aux caracteristiques propres des 
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bolus utilises (bolus solide vs salive), tels que le volume, la consistance et la 
viscosite. Nous pouvons ainsi speculer que les petits volumes associes aux DNN 
ne sont pas assez importants pour alterer la coordination DNN - respiration dans 
les diverses postures experimentales testees. Ainsi, il serait interessant de 
comparer I'impact des ces diverses postures sur la coordination des DNN, des 
des deglutitions de bolus liquides et solides avec la respiration dans les memes 
conditions experimentales. Dans cet optique, nous pourrions done avoir une idee 
plus precise de I'impact exact de la posture sur la coordination deglutition -
respiration chez I'adulte. 
Posture et coordination deglutition - respiration mammiferes «non-humains» 
La mise en evidence que les DNN surviennent preferentiellement durant 
I'expiration, pour I'ensemble des postures testees, est contradictoire aux 
donnees animales disponibles pour les DNN. En effet, il a ete observe que les 
DNN de la chevre (Feroah et al., 2002) et de la brebis adulte (Roberge et al., 
2007) surviennent preferentiellement durant I'inspiration. Nous avions ainsi 
initialement emis I'hypothese que la position corporelle de repos de ces animaux 
(typiquement en position a 4 pattes) etait un facteur determinant de leur 
coordination deglutition - respiration particuliere. Par contre, suite aux resultats 
obtenus avec cette troisieme etude, nous pouvons conclure que les differences 
observees au niveau de cette coordination entre les adultes humains et animaux 
adultes ne sont pas attribuables a leur position corporelle de repos. Nous 
pouvons ainsi speculer que ces differences inter-especes sont attribuables aux 
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differences anatomiques et fonctionnelles observees au niveau de leurs voies 
aeriennes respectives. Chez la piupart des mammiferes a I'exception des 
humains, la configuration anatomique du larynx et des structures associees est 
telle que leurs voies aeriennes sont beaucoup mieux protegees des dangers 
d'aspirations que celles des adultes humains. Ainsi, I'une des differences 
majeures entre I'anatomie des humains adultes et des autres mammiferes est la 
position de repos du larynx, qui est particulierement plus haut dans le cou chez 
ces mammiferes, juste sous le nasopharynx et qui debouche immediatement 
dans les cavites nasale et buccale (Laitman et al., 1993). Cette configuration 
permet a I'epiglotte d'etre en contact avec le voile du palais, favorisant la 
respiration nasale meme durant I'alimentation (Laitman et al., 1993), permettant 
ainsi a ces mammiferes de respirer et d'avaler des liquides simultanement. Nous 
pouvons done speculer que par cette configuration, ces mammiferes n'ont pas 
besoin des avantages mecaniques additionnels que leur procure les deglutitions 
survenant en fin d'expiration (Charbonneau et al., 2005; McFarland et al., 1994). 
De plus, dans cette configuration, I'elevation du larynx lors d'une DNN est moins 
importante que pour I'adulte humain. Au contraire des autres mammiferes, la 
position de repos du larynx des adultes humains est localisee beaucoup plus bas 
dans le cou, habituellement entre la cinquieme et sixieme vertebre cervicale 
(Laitman et al., 1993). Cette position plus basse du larynx chez I'adulte humain 
va de pair avec une portion importante du pharynx commune aux voies aerienne 
et digestive, empechant I'homme de respirer et d'avaler des liquides 
simultanement, mais lui procurant un systeme de communication par le langage 
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tres developpe. Par contre, jusqu'a I'age d'un an environ, 1'anatomie des VAS 
des nouveau-nes, avec son larynx tres haut et son epiglotte remontant jusqu'au 
voile du palais, ressemble davantage a celle des autres mammiferes qu'a celle 
d'un adulte humain. Cette configuration permet ainsi aux enfants nouveau-nes 
humains de respirer, de deglutir et de vocaliser comme les autres mammiferes. 
La descente du larynx avec la maturation postnatale va considerablement 
modifier la maniere dont I'enfant respire, deglutit et emet des sons (Laitman et 
al., 1993). Curieusement; I'equipe de Nixon GM et al. a observe que la majorite 
des DNN surviennent preferentiellement durant I'expiration chez des nouveau-
nes (Nixon et al., 2008), malgre le fait que I'anatomie des VAS du nouveau-ne 
est tres similaire a celle des mammiferes adultes, excluant I'humain. Ce resultat 
suggere done qu'il y a d'autres facteurs, outre la configuration des voies 
aeriennes, qui jouent un role dans les differences inter-especes observees au 
niveau de la coordination DNN - respiration. En fait, la majorite des mammiferes 
excluant I'homme varient I'orientation de leur tete par rapport a leur position 
corporelle lors de I'alimentation, bien qu'ils deglutissent toujours en position a 4 
partes. Les nouveau-nes et les adultes humains conservent par contre 
I'orientation de leur tete relativement constant. En consequence, I'orientation de 
la tete en fonction de la position corporelle pourrait etre un facteur important 
capable de modifier la coordination deglutition - respiration. En effet, des 
changements au niveau de I'orientation de la tete (par exemple une flexion du 
cou) sont des manoeuvres strategiques compensatoires frequemment utilisees 
afin d'ameliorer la fonction de deglutition chez des individus avec des dysphagies 
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(Buchholz et al., 1985; Ekberg, 1986; Logemann et al., 1994; Shanahan et al., 
1993). II serait par consequent interessant d'etudier, chez I'humain adulte, 
I'interaction potentielle entre des changements d'inclinaison de la tete en relation 
aux trois postures experimentales testees dans cette etude. 
Effet du genre 
Les resultats de cette troisieme etude suggerent que le genre des 
participants influence la coordination des DNN - respiration. En effet, cet impact 
du genre a ete caracterise par une occurrence plus native des DNN a I'interieur 
du cycle respiratoire chez les hommes comparativement aux femmes. Des 
investigations anterieures ont par contre demontre, que le genre a peu ou pas 
d'effets sur le coordination deglutition - respiration (Hiss et al., 2001; Martin-
Harris et al., 2003; Martin-Harris et al., 2005) chez I'adulte. Certes, il y a des 
differences significatives au niveau de la nature du bolus deglutit et des 
techniques d'analyse utilisees entre ces etudes et la notre. Ces resultats 
contradictoires motivent ainsi la realisation d'etudes additionnelles explorant 
I'impact du genre sur la coordination deglutition - respiration et son interaction 
avec la posture. Tres clairement, il y a des differences significatives, par 
exemple, au niveau de la dimension du pharynx entre les hommes et les femmes 
(Daniel et al., 2007; Malhotra et al., 2002), qui peuvent potentiellement interagir 
avec la posture et par consequent alterer la coordination des deglutitions avec la 
respiration. 
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Perturbation(s) respiratoire(s) suivant la DNN 
Comme la respiration est inhibee pour accommoder la deglutition, la deglutition 
perturbe par consequent le cycle respiratoire qui le contient, (comme demontre 
par la presente etude), et a tres certainement une repercussion sur les cycles 
respiratoires suivants (McFarland et al., 1995). Consequemment, lors de cette 
troisieme etude nous avons mesure et compare la duree des deux cycles 
respiratoires suivants la DNN avec celle du cycle respiratoire controle, afin de 
determiner la repercussion de la DNN sur les cycles respiratoires successifs. En 
contraste avec des etudes anterieures etudiant I'impact de bolus solides 
(McFarland et al., 1995) et liquides (Hiss et al., 2001), nous avons mis en 
evidence que les DNN n'ont pas significativement modifie la duree des deux 
cycles respiratoires suivants la DNN. Des resultats similaires ont ete observes, 
pour les DNN, chez des nouveau-nes a I'eveil et durant le sommeil (Nixon et al., 
2008). Selon les resultats de ces etudes, il semble raisonnable de croire que le 
type (solide ou liquide) et/ou le volume des bolus utilises par les etudes 
influencent a la fois la duree de la pause respiratoire pour accommoder la 
deglutition et les effets a long terme sur la stabilite et le controle respiratoire. 
137 
CHAPITRE IV - CONCLUSIONS -
Grace a ces trois etudes, nous avons ete en mesure de mieux caracteriser 
I'interaction des DNN - respiration, autant en periode neonatal qu'a I'age adulte. 
Pour la premiere fois, nous avons identifie que I'effet inhibiteur de la CPAP sur 
les DNN durant le SC chez I'agneau nouveau-ne est medie par la stimulation des 
recepteurs bronchopulmonaires, tres certainement par les recepteurs a 
adaptation lente sensibles a retirement. En plus de cet effet des recepteurs 
bronchopulmonaires retrouve dans toutes les conditions experimentales, nos 
resultats ont montre que I'effet inhibiteur de la CPAP peut egalement etre medie 
par la stimulation des recepteurs des VAS dans certaines conditions. Ces 
resultats ont ete rendus possible grace au developpement de deux modeles 
experimentaux animaux uniques (modele de VAS isolees et modele de 
vagotomie bilaterale differee par video-thoracoscopie) propre a notre laboratoire. 
Par ailleurs, la coordination DNN - respiration, du meme que I'effet des stades 
de conscience ont pu etre precise chez I'ovin adulte. Les resultats de cette etude 
ont revele que la coordination DNN - respiration et I'effet des stades de 
conscience chez la brebis adulte sont similaires a ceux des agneaux prematures 
et nes a terme, mettant ainsi en evidence que les interactions entre DNN et 
respiration ne maturent pas au cours du developpement postnatale chez I'ovin, 
contrairement aux deglutitions nutritives chez I'humain. Finalement, grace a notre 
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etude chez les humains adultes, nous avons identifies pour la premiere fois que la 
coordination DNN - respiration differe entre les hommes et les femmes, avec 
une survenue plus precoce des DNN a I'interieur du cycle respiratoire pour les 
hommes et que la posture n'a aucun effet sur cette coordination. Neanmoins, 
cette etude nous a permis d'identifier que les differences observees au niveau de 
la coordination DNN - respiration entre les humains et les autres mammiferes ne 
sont pas attribuables exclusivement a leur position corporelle de repos. 
Malgre les differences observees entre I'espece ovine et humaine, I'un de 
nos buts ultimes est de developper des modeles animaux ovins nous permettant 
d'etudier et de comprendre les anomalies de deglutitions retrouvees chez 
I'homme. C'est en enrichissant nos connaissances a I'aide de ces modeles 
animaux, que les cliniciens seront en mesure de lutter contre ces problemes 
frequemment rencontres en periode neonatale et a I'age adulte. 
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